

The 

Ramakrishna Miiiioo laititata af Cultare Library 

CALCUTTA. 


.ATE FEE : 5 nP. per day after the last date stamped below. 

lENEWALS : By post, telephone or in person. Please 
quote the number stamped on the pocket 
opposite and last date below. 


2 9 MAY tS 


If 


2 5 OCT IVW 

M f)« 


10 J 


25 SEf'isss 



P,T.O, RMICL— F 7 


[(tfl library )o 






Telephones : Their Construc- 
'"tion, Installation, Wiring, 
Operation, and Maintenance. 


A Practical Reference Book and Guide for Electricians, 
Wiremen, Engineers, Contractors, Architects* and others 
interested in Standard Telephone Practice. 


W. H. RADCLIFFE, E.E., 

AND 

H. C. CUSHING. Jr., E.E., 

Author of ‘‘Slandsrd Wiring for Electric Light and Power.** 



Containing One Hundred and Twenty-Five Illustrations, 
Showing Apparatus, Circuits, and Systems. 


LONDON 

Crosby Lockwood & Son, 

7 Stationers’ Hall Court, Ludgate Hill, E.C. 

New York : The Norman W. Henley Publishing Co. 




Coiii|josition, liIrctrotypinGTi and Printini; by 

PURLISIIF.RS PKINTINC; Co. 

New York. 




PREFACE 


This book in no way conflicts with the purposes 
of other publications on telej)hony, either of en- 
cyclopedic character .or of less ])retentious scope. 
It is intended for the amateur, the wireman, or the 
engineer w'ho desires to establish a means of tele- 
phonic communication between the rooms of his 
home, office, or shop; between his house and shop; 
between his home and the homes of his friends; 
or between hiS shop and some distant building. 
It is also for the contractor who desires to do this 
work for others, or who wishes io build a small 
exchange in factories, mills, or small towms. 

The reader is assumed to know absolutely noth- 
ing of telephony, and no intricate mathematics 
are used nor is mention made of any apparatus, 
circuits, or systems w'hich are not thoroughly illus- 
trated and described with resjiect to their construc- 
tion, installation, wiring, o^wration and mainte- 
nance. 

'I'he equipments and the methods of wiring pre- 
seifted have been selected with great care from 



those which have been in use for a sufficient length 
of time by the Bell and Independent companies 
to have proved their practical value and become 
thoroughly standardized. No partiality is shown 
the equipments and methods of either organiza- 
tion, except in so far as they are superior electric- 
ally, magnetically, or mechanically, or in illus- 
Jrating the points to be impressed upon the 
reader. 

The Authors. 

January, 1908. 
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INTRODUCTION 


Telephone Engineering, although one of the 
youngest of the engineering professions, and per- 
haps the most handicapped at the start, stands 
to-day among those most active and advanced. 
Starting with a simple invention of Prof. Alex- 
ander Graham Bell in 1876, the history of the tele- 
phone extends over a period of only thirty-two years. 
For several years after its birth, the telephone was 
looked upon as a mere toy, and, until the patents 
covering its .important parts were bought by a 
corporation and a working system established, 
none realized the great future in store for it. 

Telephone Companies operating up to the year 
189s were each a part of the corporation just 
mentioned, and known as the Bell Telephone 
Company. Upon the expiration in 1895 of the 
original patents governing the construction of the 
telephone, its essential features became public 
property, and many companies independent of 

the original one were formed to manufacture, 
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sell, and operate telephone apparatus. The Bell 
Telephone Company, however, continued to oper- 
ate as before, and the organizations conducted 
irrespective of or in opposition to them, became 
known as Independent Companies. 

The Development of the Telephone Industry 
during the last dozen years has been most remark- 
able, and is largely due to the competition between 
the Bell and Independent companies. Each year 
has witnessed improved apparatus, more effi- 
cient and less expensive service, with the result 
that the number of telephone subscribers has in- 
creased from 281,700 in 1895, ^^^te of the 

ex])iration of the original patents, to approxi- 
mately 7,000,000. The 7,000,00c telephones are 
about equally divided between the Bell and Inde- 
pendent organizations, the former of whom do most 
of their business in our large cities and towns, while 
the latter have exerted their efforts chiefly in devel- 
oping trade in villages and smaller cities throughout 
the United States. 



CONSTRUCTION, OPERATION, 
AND INSTALLATION OF 
TELEPHONE INSTRUMENTS 

The Receiver. — ^Thc receiver in use to-day dif- 
fers but slightly from the original magnet tele- 
phone brought out in 1876. I Is principle of oper- 
ation is precisely the same, and in explaining its 
action reference will be made to the simple device 



Fig. I. — Sim})lest Form of Telephone Circuit, Showing 
Principles of Operation 


at first employed. Fig. i shows one of these 
magnet telephones at A. The principal parts are: 
a i)ermanent bar magnet ns, a coil of insulated 
wire c mounted on one end of ns, and a thin iron 
diaphragm or disk e supported in front of the 
magnet. 

, The Principle of the Magnet Telephone is as fol- 




lows; The iron bar n s, being a magnet, is assumed 
to have lines of magnetic force issuing from one 
end and curving backward, entering the opposite 
end as indicated by the dotted lines in Fig. i. 
The magnetic circuits thus formed are completed 
through the iron bar. On account of the iron 
(\iaphragm e in the path of these lines of force 
offering less resistance to them than the surround- 
ing air, many lines will traverse the diaphragm 
in completing their circuits outside the magnet. 
If, now, the diaphragm be vibrated slightly to 
and from the end of the magnet, there will be pro- 
duced a change in the lines of force; when the dia- 
phragm is near the bar there will be a greater 
number of magnetic lines passing through the bar, 
because the resistance of the magnetic circuits has 
been decreased by shortening the paths of ^he 
lines of force, and w^hen the diaphragm is not so 
near there will be less lines passing through the 
bar. The change in the magnetic condition of 
n s induces a varying electromotive force or elec- 
trical pressure in the coil of wire r. 

Suppose, now, the magnet telephone just con- 
sidered be connected to an exactly similar tele- 
phone B, by joining the terminals of the coils c 
and r together as in Fig. i. The variation in the 
electromotive force produced in the coil c will 
now cause a varying current, of electricity in the 
coil r of telephone B, and this in turn will cause 
a varying attraction of the diaphragm i, making 
it vibrate in unison with the diaphragm e of tele^ 



phone A. If, therefore, a person talks against 
the diaphragm c so that tlic sound waves of his 
voice cause it to vibrate, the diaphragm i will also 
\'ibrale in the same manner; and as the conditions 
at B arc simply those at A reversed, the vibration 
of the diaphragm i will reproduce at B the sounds 
delivered at A, 

In the transmission of speech, the telephone 
instrument into which the sound waves of the 
voice are delivered is called the transmitter, and 
that in which the sound waves are reproduced is 
called the receiver. In the description just given 
of Fig. I, the telephone A has been referred to 
as the transmitter, and the telephone B as the 
receiver. Both these instruments in Fig. i arc 
constructed alike, so it makes no difference in that 
case which one is used as the transmitter and 
which one as the receiver. In practice, however, 
the receiver alone follows the design of the magnet 
telephones in Fig. i, the transmitter being con- 
structed differently in order to increase the range 
of transmission. 

Different Forms of Receivers arc used to meet 
different conditions of service. The original sin- 
gle-pole receiver, of which those shown in Fig. i 
are a type, is still used for ordinary work over short 
distances. A commercial receiver of this form is 
shown in Fig. 2, A showing the case and inlerior 
construction with a side view of the magnet, and 
B an end view of the magnet. The magnet is 
formed of four pieces c, e, n, of hard magnet- 
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izcd steel, two of which are placed on each side 
of the flattened iron end projections u and v, 
and all arc bolted together at each end. The end 
projections h and I are of cylindrical shape and 
serve, the one for holding a wooden or fiber spo. l 
which carries the coil of insulated wire s, and tJu 




•B 


Fig. 2. — Single-Pole Receiver and Details of the Magnet 
Used in It 


other for mounting the magnet to the surround- 
ing hard-rubber case d. The coil s is usually 
wound with No. 38 B. & S. gage silk-covered 
copper wire to a resistance of 75 ohms, and its 
terminals arc connected to the binding posts m 
and 0 by No. 18 or 20 B. & S. gage cotton- covered 
copper wire which is soldered to them. The mag- 
net should have sufficient pow er to hold a weigb^t | 



of 1 6 ounces. The diaphragm i is of soft iron 
o.oi inch thick, is perfectly Hat, and is held 1-32 
inch distant from the end of 
the magnet by means of the 
hard-rubber cap k. 

The Double-Pole Receiver 
for several years past has been 
gradually replacing the single 
pole receiver on account of its 
greater sensiti\’cness, and is 
now used entirely in long-dis- 
tance transmission. Fig. 3 
shows a standard receiver of 
this form. As its name im- 
])lies, the magnet has two poles 
l)resented to tlie diaphragm; 
it is of horseshoe shape, the o © d 

pole ti[)s s and s being bolted Fig. 3. — The pouble- 
to the legs n and n of the Receiver 

magnet and carry the coils 0 and 0^ which are 
mounted upon brass spools. The coils are con- 




PiG. 4. — Method of Winding the Magnets for a Double- 
Pole Receiver 


nected in series and are wound in opposite direc- 
tions as in Fig. 4, with No. 36 or 38 B. & S. 



gage silk-covered copper wire to a resistance 
depending upon the conditions of service. For 
local battery work, such as considered in this 
book, the resistance of the receiver is usually 
from loo to 125 ohms (see Appendix) divided 
equally between the two coils. Cotton-covered 
copper wires arc soldered to and connect the 
magnet windings with the inner parts of the bind- 
ing posts c and c. The diaphragm is of ferro- 
type metal (a species of soft iron) No. 31 B. W. G., 
o.oi inch thick, 2} inches in diameter over all, 
with a free diameter of about 2 inches, and a diam- 
eter of about J inch exposed to the sound waves. 
It is perfectly flat, and is varnished as a protection 
from corrosion. The magnet is turned upon the 
screw a, which holds it to the case, until the pole 
faces arc ^2' inch distant from the diaphragm d. 
If there be a greater distance than this, the mag- 
netic effect will be too weak, and, if less, the dia- 
phragm is liable to stick to the pole faces. The 
magnet should be capable of exerting a tractive 
effort of 1. 13 pounds. Between the legs of the 
magnet a lead weight w is cast to increase the 
weight of the receiver and thus insure its holding 
down the hook switch in its proper position. 

The inclosing case is of hard rubber and com- 
jiriscs three parts: the body 6, the tailpiece t, 
anfl the diaphragm cap /«. Although the cap m 
can be unscrewed, permitting the diaphragm to 
be taken out and examined, it is impossible to 
take tlie receiver further apart without unsolder* 




P*®- 5 — A Double-Pole Receiver •with Interior Binding Posts for the Receiver Cord 


ing the electrical connections between the lead- 
ing-in wires and the magnet windings. In this 
respect the Acme double-pole, or bipolar, receiver 
shown in Fig. 5 ditTers, it being possible to examine 
all of the interior parts of this receiver by simply 
unscrewing the diaphragm cap and withdrawing 
the magnet from the body of the case. It will be 
noticed the receiNor cord m is led through the case 
c, and the cord tips are secured to binding posts 
between the magnets. One of the binding posts 
is shown at c, and at vV is one of the wires leading 
to the magnet coils a and v. Strain on the connec- 
tions is ])revente(l l)y the extra cord /, tied around 
the bend in the magnet bar d. Attention is also 
called to the small perforations h in the diaphragm 
cap, instead of an unobstructed opening, the ob- 
ject being to alTord more ample protection to the 
fliaphragm from pencils, etc., which are some- 
times maliciously used to bend it out of shape. 

The Head Receiver is a simple modification of 
the bii)olar hand receiver. It is designed chiefly 
for switchboard operators and others who have 
almost constant use for a receiver or who desire 
the free use of both hands while listening. As 
seen from the head receiver shown in Fig. 6, it is 
very small and light, and is j)rovided with a band 
h of spring steel covered with leather which fits 
over the hc'ad and holds the receiver against the 
ear. Fig. 7 shows the interior construction, which 
differs from other receivers only in that the body 
of the Jnstrument, and therefore the magnet, ar(? 



shorter. The case is usually of brass or alumi- 
num, and, being about the size of a watch, these 
instruments are often called “watch-case” receiv- 



Fig. 6 . — ^The Head Receiver 



Fig. 7.— a View of the Interior of a Watch-Case or Head 
• Receiver 



crs. Their entire weight is generally not over six 
ounces. 

The Transmitter. — ^Thc magnet telephone as a 
transmitting instrument was a failure. Although 
so sensitive tliat but 3-100,000,000,000 watt (see 
Appendix) is sufficient to make it produce an 
audible sound as a receiver, it lacked the qual- 
ifications necessary for a good transmitter. After 
numerous experiments, transmitters employing 
carbon in one form or another were found most 



Fio. 8. Simple Telephone _ Circuit for TninsmittinR in 

One Direction 


satisfactorj', and to-day none but carbon transmit- 
ters are used for distances over a few hundred feet. 

The Principle of the Carbon Transmitter is based 
upon the fact that finely ground or pulverized 
carbon or graphite varies in electrical resistance 
according to the mechanical pressure brought to 
bear upon it. Under high pressure the resistance 
of carbon is low, but under a low pressure its 
resistance is comparatively high. If, therefore, 
at the transmitting end of a line, carbon of one 
form or another, as shown at c in Fig. 8, be placed 
in series with a battery b and an induction coil 
ps^ sound waves of a voice striking against the 
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diaphragm d will cause varj’ing pressures in Ihc 
carbon and conscHiucnlly a i)ulsating current in 
the circuit in which the battery and jirimary wind- 
ing p of the induction coil are connected. 'I'he 
variations of the pulsating current will be in har- 
mony with those of the voice, and will induce in 
the secondary winding s of the induction coil an 
alternating current which will have a frequency 
corresponding to that of the sound waves at the 
diaphragm of the transmitter. This alternating 
current will cause the distant receiver /• to act as 
previously describerl and to rcjiroduce the sounds 
of the voice at the transmitter. The form in which 
the carbon is used ami the method of mounting 
it have given rise to many dilTerent kinds of car- 
bon transmitters. ( )nly a few of the more common 
forms will here be considered. 

The Edison Transmitter employs the carbon in 
the form of a block as shown at j, Fig. 9. A 
metal casing c incloses the carbon, but is insulated 
from it exce])t on the side r. The casing c is held 
within the metal chamber h by the bolt d. The 
circuit through the instrument from the binding 
post a, which is insulated from the chamber h by 
a hard-rubber bushing, runs by the conductor 0 
to the right-hand .side of the carbon block s, thence 
through the carbon to the uninsulated side and 
out through the bolt d, chamber h, and binding 
post V, which is in electrical contact with h. 

Sound waves entering the mouthpiece I strike 
t^e diaphragm and cause it to vibrate. The vi- 
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brations thus produced are transmitted to the 
carbon block s through an ivory button u and the 
side of the casing r, and cause a ^’a^ying pressure 
on the carbon. This A'arying pressure, as pre- 
viously explained, causes a varying resistance and 
therefore a varying current in llie transmitter cir- 



Fig. 9. — The Edison Transmitter 


cuit, the variations of the current corresponding 
to those of the sound waves. The Edison trans- 
mitter is not a very sensitive instrument, lacking 
in Hexibility between the ivory button and the 
carbon [dale. 

The Blake Transmitter, which now is not gen- 
erally in use, but is mentioned here to illustrate 
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the principle, serves well on lines of moderate 
length, if kept in good adjustment. Fig. lo shows 
the side and back of the transmitter at A and B, 
respectively. The carlxm is in the form of a button- 
r and is mounted in a case ;» supported by a steel 
spring s. A platinum ball r is supported between 
the carbon button r and the diaphragm n, the 



A B 

Fig. io. — ^The Blake Transmitter 


diaphragm being held against the receptacle 1 1 
and insulated therefrom by a hard-rubber circular 
sleeve ee. The platinum ball or contact piece is 
held rigidly by a German-silver spring a. The 
springs s and a are insulated from each other at i 
and both are supported by y, a heavy metal strip, 
which in turn is fastened to 1 1 by the spring k. 
The pressure between the platinum contact, the 
carbon button, and the iron diaphragm is adjusted 
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by varying the position of the strip y by means of 
the screw w. The two metal strips p and / arc 
used, the former to hold the sleeve ee in position, 
and the latter a damper to check the vibrations 
of the diaphragm as soon as they have served 
their purpose so that they will not interfere with 
those following. For this reason, the end of the 
spring /, which presses upon the diaphragm near 
its center, is covered with a small cloth pad x. The 
entire apparatus is mounted in a wooden box dd, 
into which is fitted a wooden mouthpiece v. 

Current entering the transmitter at the binding 
screw 0 passes down the spring a and through 
the platinum ball and carbon button to the spring 
s, thence through the spring k to the binding screw 
u and out. The vibrations of the diaphragm vary 
the pressure between the carbon button and the 
platinum contact, causing the necessary change 
of resistance in the transmitter circuit. The 
Blake transmitter, although low in flrst cost and 
requiring but little current to operate it, needs 
frequent and careful adjustments, and is so very 
sensitive to vibrations that special care is necessary 
to select for it a particularly Arm support. 

The Solid-Back Transmitter employs granulated 
carbon for the active material and is the one 
in most common use to-day. Fig. ii shows a 
side view and a back view of this transmitter at 
A and B, respectively. The outer case s is of 
metal, shaped much in the form of an electric 
bell gong. To this is attached a metal cover /r 
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containing the mouthpiece. The granulated car- 
bon can be seen at c inclosed in a brass chamber 
mn, made in two parts, which are screwed together. 
This chamber is supported by the collar and screw 
at e to the brass strip k, which, in turn, is screwed 
to the cover rr. On the inner sides of the chamber 
arc two carbon blocks a and v, the latter together 
with a mica washer it forming one side of the 
chamber, and the fojmer a portion of the other 



Fig. h. — The Solid-Back Transmitter 


side. These blocks are electroplated and soldered 
to their respective holders. The remaining parts 
of the inner walls of the chamber mn are lined 
with varnished paper. The support of the carbon 
block V consists of a disk-shaped piece of brass o, 
which, by means of the bolt y, is held firmly 
against the diaphragm b. The diaphragm is usu- 
ally made of aluminum, thoroughly varnished, 
about 2} inches in diameter and 0.022 inch thick. 
It is fastened to the cover r by the haid-rubbcr 
drcular sleeve uu which overlaps it ^ inch, and is 



damped by the cloth-covered end of the spring g. 
The sleeve u is held in place by the clip p. 

Connection with this transmitter is made by 
inserting the splid lip of an insulated connecting 
cord in the copper-faced hole d, which is insulated 
from the outer case by a hard-rubber bushing. 
A fine wire leads from here to and the circuit 
continues through the carbon jdates and carbon 
granules to c, thence by the strip k to the outer 
metal case, and leaves the instrument l)y means 
of a connection to the metal arm / of the trans- 
mitter. The vibrations of the diaphragm are 
readily transmitted to the carbon block v, the mica 
washer being sufficiently clastic to permit of this, 
and the j)ressure on the carbon granules c varies 
accordingly, i)roviding the necessary' variations of 
resistance in the transmitter circuit. This vari- 
ation is from about 35 ohms to 75 ohms. 

The solid-back transmitter leaves little to be 
desired; it is sensitive to sound waves, but not to 
mechanical vibrations; the carbon blocks secure 
excellent contact with the carbon granules, and 
the latter give but little trouble by caking or “pack- 
ing” because they do not become much heated by 
the current, owing to there being space above and 
below the 1 locks in which they can expand; the 
transmitter case is very small; and the chamber 
containing the carbon granules is both air-tight 
and moisture-proof. When properly set up, the 
transmitter requires no adjustment. In case it is 
necessary to examine the working parts, the in- 



sulaled connecting cord must first be withdrawn 
from the copper-faced hole d; then the screws which 
hold the cover to the case must be taken out, after 
which the working parts can be withdrawn. 

The Induction Coil . — An induction coil is used 
in Fig. 8 for several reasons. This instrument, by 
providing a short local circuit for the transmitter 
entirely independent of the line circuit makes the 
variations in the resistance of the carbon large in 
comparison with tlie total resistance of the circuit 
in which it is connected, and therefore makes the 
action of the transmitter more effective. It also 
decreases the resistance of the line circuit by an 
amount equal to that of the local circuit, and by 
changing the pulsating current into an alternating 
one makes it more effective in exciting the diaphragm 
of the receiver. Another reason is its ability to 
alter the current and pressure relations of the pri- 
mary and secondary circuits. This variation is 
proportional to the ratio of the number of turns 
in the primary winding p to the number of turns 
in the secondary winding s. Thus, with 300 turns 
in the primary and 2,400 turns in the secondary, 
the ratio is i to 8. A pressure of E ^'olts (sec 
Appendix) across the primary winding would, in 
this case, be raised to 8 E volts at the terminals of the 
secondary winding, while the primary circuit of 
I ampere would be reduced to I ampere in the 
secondary or line circuit. The electric energy in 
both circuits, however, remains the same, namely, 
f L As the resistance losses on the line are pro- 
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porlional lo the square of the current transmitted, 
it is obviously an advantage to make the transfor- 
mation just noted. 

The Construction of Induction Coils, although 
varying in details, follows the same general design. 
There is an iron core composed of soft iron wires, 
preferably No. 26 or 28, annealed to eliminate 
hard spots, and bound together in a round bundle. 
Enough wires arc used to make a bundle i to f 
inch in diameter, and their Icngtli is from 4 to 6 
inchc.s. These are jDacked into a fiber tube upon 
which is wound the primar)^ coil. This coil gen- 
erally has not less than 300 turns and is wound 
in two layers. The size of the primary wire de- 
pends upon the kind of batteries emjdoyed and 
varies considerably. No. 22 or 24 B. & S. gage 
would be considered an average size. The num- 
ber of turns in the secondary winding is usually 
from 8 lo 10 tim(‘s the numl)er in the primary 
winding, and the size of the secondary wire is such 
that the necessary' number of turns are obtained 
in 5 layers or less. No. 32 to 36 B. & S. gage is 
generally considered advisable. Single silk-cover' 
ed copper wire is mostly used for both the pri- 
mary and secondary coils, and several thicknesses 
of paraffined paper are provided for insulation 
between these coils. 

Fig. 12 shows a Monarch induction coil for 
ordinary local battery Avork. It is wound to a 
resistance of 1.7 ohms in the jmmary and 175 
ohms in the secondary. The terminals are brought 
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out in heavy wire and arc connected to l)indinK 
screws on the fil)cr blocks P and S, the former of 
which contains the primary terminals and the 
latter the secondary' terminals. The coil itself is 
covered with bookbinders’ cloth as a protection 
from moisture. 

The Battery. — ^Telephone work for the ])iirposcs 
considered in this book requires the use of pri- 
mary batteries ; in other words, batteries in which 
zinc is consumed by chemical action to generate 



Fig. T2. — An Induction Coil 


electricity. A battery consists of two or more 
cells connected, each of which comprises, besides 
the zinc or positive plate, another plate electro- 
negative to the zinc, which may be either car- 
bon or copper and which is called the negative 
plate. These two plates are placed in a glass vessel 
or jar containing an acid solution. The acid, at- 
tacking one of the plates more than the other, pro- 
duces a difference of j>otential usually from i to 2 
volts between them. Battery cells may he conve- 
niently divided into two kinds: open-circuit cells 
aqd closed- circuit cells. The former are employed 


where there is only an occasional use for the trans- 
mitters, anti the latter where the transmitters are 
in almost constant use. All ])rimary cells when 
working on circuits of such low resistance as those 
in which transmitters are used suffer a decrease 
in their electromotive force or voltage, and an in- 
crease in their internal resistance. This is due 
to the formation of small bubbles of hydrogen gas 
on the negative plate of the cell, wliich diminish 
the effective surface of the plate and set up an 
opposing electromotive force. It is, therefore, 
necessary to surround the negative plate with a 
depolarizer, the duty of the latter being to gener- 
ate oxygen gas for combining with the hydrogen 
gas and thus setting it free in the solution. In 
open-circuit cells the depolarizer acts slowly and 
cliiclly when the cell is not in use; in closed -cir- 
cuit cells the dc]:)olarizcr acts continuously. 

The chief forms of open circuit cells are the 
Leclanch^ cell and the so-called dry cell. The 
chief forms of closed-circuit cells usi*d in telephone 
work are the Fuller cell, the gravity cell, and the 
Edison cell. For furnishing current in the trans- 
mitter circuit it has become standard practice to 
use two Fuller cells in scries, or their equivalent 
in the other forms of batteries mentioned. The 
cells arc connected in series by joining with a copper 
wire the positive plate of one cell to the negative 
plate of the other, the remaining plates of the two 
cells serving at the terminals of the battery. When 
thus connected the total voltage is the sum of the 



voltages of the two cells, and the total resistance 
of the batter}' is the sum of the internal resist- 
ances of the two cells. The best results are 
usually obtained l)y having both cells of the same 
form and size, and both must be of the same 
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Fig. 13. — The Lcclanche Cell 


kind; that is, cither open-circuit cells or closed- 
circuit cells. 

The Leclanche Cell, Fig. 13, comprises a nega- 
tive plate of carbon c surrounded l)y the depolarizer, 
which consists of a mixture of crushed manganese- 
idioxide an ^ crushed carbon in porous cup d, 



The positive plate is the zinc rod z, and this, to- 
gether with the porous cup, is placed in a solution 
of sal-ammoniac and water in the glass jar m. 
The sal-ammomac solution is best made by dis- 
solving three parts of sal-ammoniac in ten parts 



Fio. 14. — A Modified Form of 
the Leclanche Cell 


of clean soft water. 
This solution passes 
through the porous 
cup and moistens its 
contents. The bind- 
ing posts or screws 
on c and z form the 
terminals of the cell. 
The resistance of this 
cell is usually less 
than I ohm, and the 
electromotive force is 
about 1.5 volts. 

A modified form of 
the I-,eclanch6 cell is 
shown in Fig. 14. 
The depolarizer here 
consistsof twoblocks, 
e and 5, of manga- 


nese dioxide and car- 


bon clamped around the negative carbon plate c 
by means of rubber straps a a. The elimination 
of the j)orous cup considerably decreases the in- 
ternal resistance of the cell. The binding screws 
on the carbon plate c and zinc rod z are the 
terimnals. Sal-ammoniac solution is used as ini^ 
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the previous case, and the electromotive force is 
the same. 

The Dry Cell, Fig. 15, is a convenient modifica- 
tion of the Lcclanche cell and is widely used in 
telephone work. The outer case z is of zinc and 
forms the positive plate, connection with which is 



Fig. 15. — ^Thc Dry Cell 


made at the binding screw a. Within this is 
packed the negative carbon plate c in a mixture 
usually composed of sal-ammoniac, chloride of 
zinc, dioxide of manganese, plaster, flour, and 
water. The top of the cell is sealed wdth bitumen. 
^Although the mixture is not dry, it is non-spillable, 



and in this respect is preferable to cells employing 
corrosive chemicals. The maintenance cost is 
l)ractically nothing, ami the first cost is low in 
comparison with other cells. On the olher hand, 
the dry cell hiis a greater internal resistance than 
the wet cell, and its useful life is much shorter. 



iMi;. i6 .— TIk? Fuller C ell 


The internal resistance is about 0.3 ohm, and the 
electromotive force 1.4 volts. 

The Fuller Cell, Fig. 16, is esjiecially well adapt- 
ed for telephone work. Tt consists of a glass 
jar a containing a porous cup c in which is the 
zinc z. The i)()rous cup is susi)ended from the 
top of the jar and is filled with diluted sulphuric 



acid or a salt solution. The salt solution is made 
by mixing about 3 ounces of salt in a j)int of water. 
The negative jJale is carbon in I he form of a cylin- 
der e that surrounds the porous cuj), and this also 
is sus])ende(I from a wooden or rubber cap .v which 
closes the jar. 'The jar is filled with a solution of 
3 parts bichromate of ])olasli, 1 j^art sulphuric 
acid, and parts water. About 2 ounces of mer- 
cury is placed in the porous cup with the zinc, 
for amalgamation; that is, the mercury combines 
with the zinc and eats the impurities from its sur- 
face, causing the zinc to present a clean surface 
to the acid. The binding screw attached to c, 
and the binding screw n fastened to s, form the ter- 
minals of the cell. The internal resistance is 
about 0.5 ohm, and the electromotive force is 2 
volts. 

The Gravity Cell, Fig. 17, has for its positive plate 
three sheets of copper fastened together as shown at 
c; these arc spread out, and set on edge in the bot- 
tom of the glass jar m, A gutta-percha insulated 
copper wire a soldered to the copper extends up 
through the cell, forming one of its terminals. 
The negative zinc plate is cast with projecting 
fingers as shown at s, and on account of its general 
resemblance to a crow’s foot Ibis cell is sometimes 
called a “crow’s-foot” ))attery. 'I'lie zinc is sus- 
pended across the top of the jar and is provided 
with a binding screw as indicat(*d. The solution 
used is coi)])er sulpliate, sometimes called blue 
vitriol, and water. It is formed by placing in the 



bottom of the jar from 6 to 8 ounces of copper- 
sulphate crystals w, and then introducing water 
until the zinc is well covered. A saturated solu- 
tion of copper sulphate forms around the copper 
and, after use, a zinc-sulphate solution forms 
around the zinc and- floats upon the copper-sulphate 
solution. The two solutions, having different spe- 
cific gravities, are thus kept apart, and as the copf)er- 



Fig. 17. — ^The Gravity Cell 


sulphate solution has a deep blue color while the 
zinc sulphate is light colored, it is easy to distin- 
guish them. The dinding line between them is 
called the blue line, and the name “gravity ceU” 
results from the part gravity plays in the perform- 
ance of the liquids. The internal resistance can 
be reduced, and the cell made immediately avail- 
.ablc for use after setting up, by using, instead of 
water, about half a pint of zinc-sulphate solution 
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from a battery already in commission or by pour- 
ing into the water 4 or 5 ounces of pulverized sul- 
phate of zinc. The internal resistance of the cell 
is from 2 to 3 ohms, and its electromotive force 
is practically constant at 1.08 volts. Owing to 
the high internal resistance it is seldom used in 



Fig. 18. — ^The Edison or Gladstone Cell 


lelcphony except for the transmitter at the switch- 
board. 

The Edison Cell, Fig. 18, employs two zinc posi- 
tive plates c and c, and a slab a of pressed copper 
oxide for the negative plate. The plates are sus- 
])ended side by side from the cover of the jar, the 
copper-oxide plate being held between the two 
zinc plates as shown. The jar is filled with a so- 
liition of caustic potash and water, on which is 



poured a layer of oil to prevent the salts, which form, 
creeping up to the edge of the jar. In setting up 
the cell, only half of the sticks of caustic potash 
furnished by the makers should at first be placed 
in the jar. After water has been poured on them 
to within an inch of the top of the jar, and they 
have l)cen dissolved by stirring, the remainder of 
the sticks may be added and the solution stirred 
as before. In wiring up the cell, the binding post 
s connected to the copper-oxide plate forms one 
terminal, and the binding posts z and z fastened 
to the zinc ])latcs are coupled together and form 
the other terminal of the cell. The internal re- 
sistance is but 0.025 ohm, and the working electro- 
motive force about 0.75 volt. 

Conversing in Both Directions. — Fig. 19 shows a 
simple telephone circuit over which conversation 
can be carried on in both directions. It is simply 
a further develoi^ment of the principles illustrated 
in Fig. 8, the ap])aratus and connections at both 
ends of the line being identical. As to the receiv- 
ers it may be ((uestioned why the permanent mag- 
nets in them (see Fig. 3) arc necessary, now that 
there is an electromagnetic action to produce the 
attraction of the diaphragms. The reason is that 
the permanent magnets arc essential for the re- 
production of the proi)cr pitch. 

A Grounded Telephone Circuit is shown in Fig. 
19; that is, the earth or ground is used as one con- 
ductor between the two stations a and fc, in place of 
one of the line wires. Either a grounded circuit 



or a two-wire (complete metallic) circuit is prac- 
ticable in connecting the stations a and h. In the 
former case, connection with the ground at each 
station may bo made either by fastening the ground 
wire to a water pii)e or to a metal rod driven down 
to moist earth. The surface of the pipe or rod 
should be filed or scraped bright, the wire then 
wound around it, and a clamp placed over the wire 
and firmly bolted to the pipe. Another method 
consists of bur}’ing in moist earth below the frost 



Fio. It). — A Cinuintlocl Telephone ('ireniti for Transmit, 
linjf in Hoth IMreetions 


line, dial is, 5 or 6 feet hcnc'ath the surface, a cop- 
per plate about 1 foot square to which the ground 
wire has been riveted, and soldered throughout 
its length over the plate. The ydatc sliould be 
surrounded on each side with a thin layer of 
crushed coke or charcoal a])out pea size to protect 
it against corrosion from too direct contact with 
the earth. 

Grounded telephone circuits are not usually as 
satisfactory as complete metallic circuits, espe- 
ciaily in the vicinity of electric-light and railway 



lines, on account of the inductive disturbances 
caused by stray earth currents. With good earth 
connections the grounded portion of the line has 
a negligible resistance, but at best grounded tele- 
phone circuits arc serviceable only for lines of 
moderate length and as the saving in line wire in 
such cases is small they even then hardly compen- 
sate for the risks of disturbances incurred. 

The Signal Receiving and Sending Apparatus. 
In addition to the talking apj)aratus already con- 
sidered there must be at each point where a tele- 
phone equipment is located, some means of 
signaling, so that a person A may know when a 
distant party B wishes to converse with him over 
the wire, and also to enalde A to call B to the tele- 
phone. For the purposes here considered, the 
signal receiver is a magneto bell, and the signal 
sender is a magneto generator. 3.0, \ 3jb 

The Magneto Bell and Generator are shown 
diagram matically in Fig. 20 . The bell A comprises 
an electromagnet cc; also a soft-iron armature v 
pivoted at its center so as to permit of its oscillat- 
ing, and, by means of the clapper 0 attached to it, 
striking alternately the gongs h and /. The bell 
is actuated by an alternating current, and depends 
for its operation on the permanent magnet ns 
which induces in the armature v a south pole at 
5 and two north poles at the ends N and N. 
The permanent magnet nsaho induces in the yoke 
u of the electromagnet a north pole at N' and two 
south poles at the ends s' and As the induced 



polarilies arc approximately ccpial in strength, 
and in each case a north pole is oi)posite a south 
pole, their combined effect upon the armature v 
is neutral, and it remains balanced. As soon as 
an alternating current passes through the magnet 
coils, which are wound in opposite directions 
around the cores, this current when flowing in one 
direction wdll strengthen one pole of the electro- 
magnet and weaken or reverse its other pole, un- 



balancing the armature and causing it to swing 
about its pivot so that the clapper o strikes one 
of the gongs. At the next instant the alternating 
current reverses its direction of flow, strengthening 
the pole which formerly w^as weakened, and weak- 
ening or reversing the other pole of the electro- 
magnet. This will cause the armature to be drawn 
in the opposite direction and the clapper to strike 
the other gong. So long as the alternating cur- 
rent continues to flow, this action will be repeated 


and the bell will continue to ring. Direct current, 
however, would have no effect upon the bell unless 
an interrupter were used. The action of the per- 
manent magnet in the operation of the armature 
has led to the- instrument being sometimes called 
a “polarized” bell or ringer. 

The magneto generator 5 , Fig. 20, is a simple 
form of alternating-current generator. A coil of 
insulated wire «, wound upon an iron core c, is 
revolved by hand in the magnetic field produced 
by the permanent horseshoe magnet pp. The 
cutting of the lines of magnetic force by the coil 
of wire induces in the coil an alternating current 
which acts u])on the magneto bell A as just de- 
scribed. Ordinarily, three or four horseshoe mag- 
nets arc employed so there will be a strong field; 
these are arranged side by side with like poles adja- 
cent. Conductors sliding on a ])air of metallic 
rings collect the current generated in the armature. 
Owing to a high reduction gear being used between 
the armature shaft and the hand wheel, but a few 
rapid turns of the latter arc necessary to drive the 
armature at a sufficiently high sj)eed to generate 
the required power to ring the bell. 

In comparison with the ordinary direct-current 
electric bell and battery, the generator of the mag- 
neto set gives a much higlier vollage tlian is usual 
in the l)attery, with no trouble from acids and 
with less cost of operation; the generator and bell 
being always on closed circuit, there are also fewer 
contacts to burn, oxidize, or in other ways caugc 
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trouble. These are some of llie reasons Avhy the 
magneto set has become widely used as a signal- 
sending and -receiving device. 

Typical Forms of Magneto Bells are sliown 
respectively in Figs. 21 and 23. The first one pre- 
sented is a Strombcrg-Carlson polarized ringer 
wound to a resistance of 1,600 ohms. Adjustment 
of the armature with respect to the poles is secured, 



Fig. 21. — Polarized Magneto Bell or Ringer, with One 
Gong Removed 


as shown in Fig. 22, by having the armature CC 
supported upon the spring plate DD, which is 
})roYided with two holes to receive the ends of the 
magnet cores EE. A cross-bar FF is mounted 
over the poles, and into this is threaded the screw 
B which projects through a hole in the permanent 
magnet A and has a shoulder l)earing on the plate 
1)D. Turning the screw B to the right or left 
inoves the plate Z)Z? toward or away from the mag- 
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net cores and thus enables Ihc proper adjuslnicnt 
of the armature to be secured. The claj^])cr G 
is l)olled to the armature as shown. The coils 
arc wound with silk-insulated wire and are covered 
with heavy linen cloth to protect them from injury. 

Fig. 23 shows a Kellogg magneto bell designed 
somewhat differently from the one shown in Fig. 



21. This form of ringer is called a “biased” bell, 
and is used where a selective signal is wanted, 
that is, where there is more than one bell connected 
lo a circuit and it is desired to hv able to ring one 
or the other of them at will. J ts const ruction differs 
from the polarized bell only in the use of a spring 
s, which is fastened to cither side of the armature e 
so as to pull that end of it toward the magnet. 
The result is that the bell will not respond to cur- 
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rents of one polarity, but will resi>ond to currents 
of the opposite j)olarity. It is necessary in any 
biased bell to determine by trial the side on whicli 
the spring should be placed to make it oj)erate on 
a positive or a negative current. 

A Typical Form of Magneto Generator is shown 
in Fig. 24. This 3-magnet Acme generator will 
be readily understood from the general descrij)- 
tion previously given. At the left end, however. 



Fig. 23. — Biased Ringer 


an automatic shunt .v is fitted, the operation of 
which will be explained later on. The three horse- 
shoe magnets A, etc., arc held to the frame by the 
bolts a and r; each magnet is capable of lifting 
5 pounds. The armature core on which the wind- 
ings arc placed is built up with sheet -iron punch - 
ings, each shaped like those shown at a, etc., Fig. 
25. These punchings are threaded on the armature 


shaft c and bolted together as there indicated, after 
which the core hasthea])pearance shown in Fig. 26. 
Silk-insulated copper wire, either No. 34 or 36 B 



& S. gage, is then wound lengthwise over the core. 
'I’he conij)leled armature, Fig. 27, has a resistance 
of from 300 to 1,000 ohms and develops from 80 



Fir,. 25.— Method of Buildinjj Up the Generator Arma- 
Luro Curt* with Shcct-lrun Puiichings 

to 120 volts. 'J’he resistance of the armature wind- 
ing must not be confusetl with the resistance rating 
of a magneto generator. This latter refers to tlje 
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number of ohms resistance through which the 
generator can ring its own bell. A io,ooo-ohm 
generator, for instance, is one which will ring the 
bell through 10,000 ohms resistance. Magneto 
generators are also rated according lo I he number 



Fig. 26. — ^Thc Completed Armature Core 

of permanent horseshoe magnets they contain; 
as previously staled, 3- or 4-magnet generators are 
the usual sizes employed. 

Connections of the Talking and Signaling Ap- 
paratus. — Telephone apparatus must always be 
conmicted so that the following conditions are 
sali'sfied; (i) When the talking circuit is not in 
use, the bell must be connected so as to receive 



Fig. 27. — ^The Completed Armature 


a signal. (2) When a signal is to be sent, the 
generator must be connected lo the line wires. 
(3) When the talking circuit is in use, the receiver 
must be connected lo the line wires, and the trans- 
mitter, battery, and the primary windings of the 





induction coil must be connected in a local closed 
circuit. (4) When the talking circuit is not in 
use, the battery circuit must he opened. It is 
possible to satisly these conditions 'with the sig- 
naling apparatus cither in series with the line or 
bridged across it. 

The Series Connection is shown in Fig. 28, h 
representing the magneto bell, g the magneto 
generator, and m and n the line wires. When the 
line is not in use lor conversation, the receiver r 



is hung on the end of the metal hook switch a, and 
its weight keeps a down so that it touches the con- 
tact piece c. The generator g is provided with 
a shunt s, which forms a low -resistance path around 
g when the generator is not in use. The shunt, 
however, is opened automatically when the crank 
handle of the generator is turned in the act of 
ringing the bell at the other end of the line. 

Signaling current coming in at ni, passes through 
the magnet windings of the bell 6, the shunt s, 
the hook switch a, the contact c, and out at n,^ 
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ringing the bell h. Condition (i) is, therefore, 
satisfied. With the exception of the shunt j being 
opened as already explained, and the ‘armature 
winding of llic generator introduced, the circuit 
through the apjiariilus shown remains the same 
when the generator g is operated to signal a dis- 
tant jiarty, so that condition (2) is also satisfied. 
The ])arty signaled by the ringing of the bell h 
removes the receiver r from the hook of the switch 
(7 and places it to his ear, whereupon a is ilrawn 
ujiward against the contact pieces u and v, as in 
Fig. 28, by means of a spring. This action leaves 
the receiver connected to the line wires by the 
circuit m v a l y r 77, and places the transmitter A, 
the battery c, and the primary winding p of the 
induction coil in the local closed circuit c. nal p h, 
satisfying condition (3). Condition (4) is satis- 
fied when the receiver r is replaced on the hook 
switch a, because the contact at it in the battery 
circuit is then opened. 

The Automatic Shunt previously referred to in 
connection \vith the magneto generator, is shown 
in one form in Fig. 29. A coil of the armature 
w'inding is represented at r, upon the armature 
core e. One wire of the signaling circuit is con- 
nected to the armature .shaft, and the other wire 
to the pin 0 w'hich is secured to an insulated bush- 
ing a inserted in one end of the armature shaft. 
The shunt is in the form of a spring g, screwed 
at one end to the iron core of the armature and 
•carrying at the other end a weight tv. Owing to 
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the tension of the spring g, its free end normally 
presses against the pin v, short-circuiting the arma- 
ture winding. When the armature is put in mo- 
tion, however, centrifugal force causes the weight 
w to fly out, separating the spring from v and for- 
cing it in contact wnth the stop p. As p is in con- 
nection with the iron armature core, the armature 
winding is thereby introduced in circuit and the 
shunt is opened. As soon as the armature ceases 



Fig. 29. — Automatic Shunt of the Majmeto Generator 


to revolve, the spring again comes in contact with 
V and closes the shunt circuit. I'his device is 
often called a “centrifugal” shunt owing to its 
action being caused by centrifugal force. 

The Hook Switch for a scries connection is 
showm in one form in Fig. 30. Tt is pivoted at o 
and supported at the other end by the spring 5, 
being thus free to move up and down through 
the slot in the box in which it is mounted. Its 
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action in making connection with the upper con- 
tacts w and V, and the lower contact c, when the 
receiver is respectively off or on the hook //, is 
already familiar to the reader. The hook switch 
is usually of brass, nickel-plated, and the springs 
arc of steel with platinum tips, riatinum tips 
are employed because they do not corrode, but 
present a good wearing and contact surface. 

Details of Wiring a Series Station. — In order that 
the telephone instruments indicated in the plan of 



wiring. Fig. 28, be properly protected from injurj- 
and occupy as little unnecessary space as possible, 
it is customary to assemble them in a wooden 
case such as that shown in Fig. 31, and fasten 
the case to the wall. The apparatus thus groujx'd 
together is known as a telephone set or station; 
in the style of case shown it is designated as a solid- 
back wall set. The wooden box a contains the 
magneto generator, magneto bell, and switch arm. 
The switch arm projects outside the box and holds 
the receiver. The semi-cylindrical iron case h 



contains the induction coil and provides a support 
for the transmitter arm. The wooden box c holds 
the battery, which consists of two cells, and its 
sloping top affords a place for recording notes 

received through the 
telephone. The set 
should be located in 
a convenient and ac- 
cessible, yet out-of- 
the-way place on a 
solid wall free from 
vibration; it should 
be fastened to the 
wall with screws at 
each of the four cor- 
ners and at such* a 
height that the mouth- 
piece of the transmit- 
ter when in its normal 
position will be about 
5 feet above the floor. 

The Wiring Inside 
of the Telephone Set 
is done wdth No. ,i8 
Fig. 31. — A Solid-back Wall B. & S. gage COtton- 

covered stranded cop- 
])er wire, according to the diagram given in Fig. 
32. In some sets the connecting wires are run 
in grooves in tl^e backboards or bases and cov- 
ered \vith hot bees-wax to exclude moisture. The 
conductors leading to the line wires arc epn- 
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nectecl respectively to the binding posts i and 3, 
and to the binding post 2 is connected the ground 
wire from the lightning arrester a. The receiver 
r is connected between the binding posts 4 and 5, 



usually by 2 J feet of No. 18 R. & S. gage stranded 
twin conductors, separately insukted with a rubber' 
covering and together overlaid with strong worsted 
or silk braid. These conductors generally termi- 
nate in solid tips, and the braid is usually extended 
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lo connect cither with the case or the magnetic 
system of the receiver so that there is no strain on 
the conductors. Two cells of battery o, the trans- 
mitter /, and the primary winding of the induction 
coil i arc wired to the binding posts 6 and 7 while 
the switch arm 5 and the secondary winding of the 
induction coil i are connected between the bind- 
ing posts 8 and 9. The bell c is mounted on the 
door m of the magneto box, Avhich is o])en in Fig. 
32 lo show the interior connections. It is wired 
to two metal strips h and h, which, in turn, arc 
soldered to the hinges of the door. On the inner 
side of each hinge is fastened a little spring which 
])resses upon the oj^posite face of the hinge and 
insures good electrical contact with the bell cir- 
cuit when the door is closed. The dotted lines 
in Fig. 32 indicate the circuits through the mag- 
neto generator and its automatic shunt, as shown 
in Fig. 29. These circuits, as already explained, 
are formed by the parts of the apparatus itself, 
and, therefore, arc not a part of the present wiring; 
they are, however, indicated in the diagram to 
make clearer the connections lo them from the lower 
hinge and the binding post 7. 

The Lightning Arrester is used to protect the 
telephone set from lightning discharges upon the 
line wires, by providing for such discharges a more 
direct path to earth than that afforded by the 
telephone instruments. The Stromberg- Carlson 
carbon -block arrester shown in Fig. 33 is similar 
to the one indicated at a. Fig. 32. It consists of 
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two sets of carbon blocks, cd and cs, held between 
the brass springs or clips m n and uv. 'Die two 
carbon blocks in each set are separated by thin 
strips of mica perforated with holes, and the bind- 
ing post r, with which the central clips and carbon 
blocks arc in electrical contact, must be carefully 
connected to earth by as short and straight a con- 
ductor as possible. The binding posts b and h 
must be joined to the interior circuits of the tele- 
phone set and to the line wires as already ex- 
plained. If, then, a lightning discharge comes in 



Fio. 33. — Lightning Arrester 

on either of the line wires, its high voltage enables 
it to jump the short space between the carbon 
blocks and follow the ground wire to earth; this 
it does in preference to traversing the inductive 
circuit through the instruments. Telephone cur- 
rents being of comparative low voltage cannot 
cross the space between the carbon blocks and, 
therefore, are not diverted Jrom their course by 
the arrester. 

The Magneto Bell in a series telephone set offers 
the only appreciable resistance through a station 
when the talking circuit is not in use. If the re- 
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sistancc of the bell windings is small, a number of 
series telephone sets as in Fig. 34 can be joined 


in senes upon a line, 
and the ringing current 
from any one of ihcm 
will operate all of the 
bells simultaneously. 
The magnet coils of 
ringers in scries tele- 
phone sets are, there- 
fore, wound to as low a 
resistance as possible; 
80 ohms is considered 
standard i)racticc, that 
is, 40 ohms per coil with 
the 2 coils joined in 
scries. Their cores arc 
also made as short as 
possible to reduce any 
unnecessary impedance 
to the alternating cur- 
rent from the magneto 
generator. Although 4 
stations arc represented 
in Fig, 34, 2, 3, or more 
than 4 can be joined in 
scries connection Jjy fol- 
lowing the method there 
shown ; the grounded 
line wires at the 2 end 
stations will serve for 
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Fig. 3 hoc of Wiring Series Telephone Sets on a Grounded Circuit 




the lightjiing-arrestcT grounds if the center and end 
binding i)osts on the telephone sets at these stations 
be joined together as indicated. Fig. 35 shows 4 


scries telephone 
sets wired in series 
on a complete me- 
tallic circuit. The 
ground is then used 
only for the light- 
ning-arrester con- 
nections. 

The Interior Wir- 
ing Between the Tel- 
ephone Set and Line 
Wires is preferably 
done with No. t8 
B. & S. gage rubber- 
covered stranded 
copper wires twisted 
in pairs, unless the 
conductors are to be 
much exposed, in 
which case it is ad- 
visable to use No. 
lO B. & S. gage rub- 
ber-covered strand- 
ed wires. 'Fhe rub- 
ber insulation on 
the No. 18 should be 
at least inch 
thick; and on the 
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Fig. 35- — Method of Wiring Series Telephone Sets on a Complete Metallic Circuit 





No. i6 al least 3^ inch thick. Copper wires in sizes 
of 19 and 20 are also used for this kind of wiring, 
but they arc not considered so desirable. A table 
of dimensions, resistances, and currcnt-carrjdng 
capacities of copper wires including No. 16, 18, 
19, and 20 B. & S. gage is given in the Appendix. 
It will be noticed from this table that the current- 
carrying capacity of the No. 18 is 5 amperes. 
As far as the current-carrying capacity is concerned, 
much smaller wire could be 
used, as telephone currents for 
the work considered in this 
book seldom exceed ampere, 

but owing to the mechanical 
weakness of smaller wire ren- 
dering it liaWe to be Inoken 
or stretched, no smaller sizes 
than No. 18 should ordinarily 
be employed In making con- 
nections, the insulation of the 
wire must be thoroughly 
scraped off and the wire made clean and bright at 
the points of contact. Whenever two wires are 
joined together, the connection should be soldered. 

Wires must never be installed nearer than i 
inch to any kind of piping, and if it be necessary 
to cross pipes upon which moisture is liable to 
form, the wires should be led over rather than 
under them. Porcelain insulators. No. 5, such as 
are shown in Fig. 36, should preferably be used 
to support the wires, although the latter may 
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Fig. 36. — Porcelain 
Insulator for Interior 
Telephone Wiring 



fastened in place in any neat, secure, convenient, 
and workmanlike manner. Short single lengths 
of the insulated telephone wire can l)c used as 
tie wires in case porcelain insulators arc employed. 
A porcelain insulating tube, Fig. 37, placed with 
the head c at the entrance hole, affords excellent 
protection for the wires through walls and other 
partitions; continuous flexible tubing or conduit is 
next best; but if neither tube nor tubing is avail- 



Fig. 37. — Porcelain Tube for Protecting Wires from 
Partitions and Walls 


able, the wires should be wrapi)ed with two layers 
of insulating tape. 

Fishing for the wires between walls or under 
floors is done l)y boring 2 holes in the wall or floor 
along Ihc desired path, pusliing a flat spring wire 
from one hole toward the other, and catching it 
through the latter hole with a wire hook. By 
means of the spring wire, the flexible conduit con- 
taining the telephone wires may then be drawn 
^into position. The flexible conduit or extra cov- 
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cring of the wire should extend in a continuous 
length between the entrance and exit holes, pro- 
jecting beyond them about i incli in each case. 
Telephone wires must never be installed nearer 
than 6 inches to any electric light or power wire 
in a building, unless incased in j)orcelain tubing 
or flexible conduit so secured as to prevent its slip- 
ping out of place. 

The wires leading out of tlie building should 
be No. 14 weather-proof wire, protected from the 



Fig. 38. — Porcelain Drip Tube for Protecting the Wires 
from the House Wall and Preventing Water from Following 
the Wires Inside 


house walls either by a straight jiorcelain lube 
like that in Fig. 37, placed so as to slope slightly 
uiiward from the outside, or by a jioreelain dri]) 
tulie as shown in Fig. 38, placed with tlie head 
/: outside the building. 'J1ie slanting of the tube 
in the former case, or the drip loo|) in the latter 
case, elTcctually jjrevents water from outside fol- 
lowing the wires within. 

Figs. 39 and 40 show, respectively, one method 
of wiring between the house and the first pole in^ 
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the case of a single or grounded line and in the ease 
of a double or complete metallic line. In both 
illustrations, a represents the porcelain tube, c 



Pk;. 39. — Motlio<l of \Virin.ij a GrounrU'd Tclophone Line 
between the House and the I’^irst Pole 



Fig. 40. — Method of Wiring a ('oniplctc Metallic Tele- 
m phone Line between the House and the X^irst l^olc 
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tlie conductors leading to the line wires, n the 
line wires, 5 the ground wire, / the ground rod, 
e porcelain insulators, and r the soldered connec- 
tions. 

The Wiring of the Protective Apparatus does 
not always follow that shown at a in Fig. 32; in 
fact, in recent practice the lightning arrester is 
seldom mounted on the telephone set but is placed 
on a non-combustible, non-absorptive insulating 
base immediately inside the building at the point 
whi*re the line wires enter. As lightning protec- 
tion is necessary only from those discharges coming 
in from the line wires, this latter method is pref- 
erable to the former in that it conducts the dis- 
charges to ground by a more direct path. 

Although in many telephone installations a 
lightning arrester which will operate with a diHer- 
cnce of potential of 500 volts is the only protection 
provided at a station, the best practice consists in 
using in addition to the lightning arrester a fuse 
and a heat coil on each side of the line. The 
fuse is intended to open the telephone circuit in 
case the line wires become crossed with electric- 
light or power circuits, the stronger current of these 
circuits melting the fuse wire in passing through 
it. The heat coil is also intended to warm up 
and melt out with a current of sufficient strength 
to endanger the instruments if continued for a 
long time, but of so low a voltage that it would not 
traverse the lightning arrester, and of so small an 
amperage that it would not melt the fuse wjre 
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just mentioned. These small currents arc often 
called “sneak” currents. 

The protective apparatus just mentiont'd must 
be connected so that the fuses protect the lightning 
arrester and heat coils. On a grounded circuit, but 
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Ciround Lin« Lw* Orouna 


Fig. 41^ Fig. 42 

Fig. 4t. — Combination Set of Protective Apparatus for 
a Grounded Telephone Circuit, Showing the Necessary 
Wiring 

Fig. 42. — Combination Set of Protective Apparatus for 
a Complete Metallic Telephone ('ircuit, Showing the Neces- 
sary Wiring 

one set of these devices is used, connected between 
the line wire and the telephone set. Figs. 41 and 
^2 show D. and W. combination protective sets 
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for a grounded circuit and a complete metallic 
circuit, respectively. In the former, the circuit 
runs from the line through the 2-ampere fuse A 
to the 0.3-ampere heat coil B and the lightning 
arrester C\ as indicated l)y the dolled lines. The 
other terminal of the heat coil is connected to the 
telephone set, and the other terminal of the light- 
ning arrester is connected to ground. The ground 
wire from the telephone set is fastened to the bind- 
ing i)ost s which is also directly connected with 
the grounded side of the arrester, l^or a complete 
metallic circuit, the protective apparatus in Fig. 
41 is simply duplicated, and the connections are 
made as in Fig. 42. In both cases the a[)paratus 
is mounted on a porcelain block. 

The Fuse should be of the inclosed type, in order 
to more securely protect the fuse wire from mechan- 
ical injury, and also to enable the arc, which forms 
when the fuse blow's, to be more readily extin- 
guished. The arc is extinguished either by placing 
in the tube a compound that will suppress the arc 
or by allowing the vapor, which forms inside the 
tube when the fuse melts, to blow out the flame. 

The Heat Coil com[)rises a small coil of German- 
silver wire of from 5 to 50 ohms resistance, depend- 
ing u[)on the sensitiveness desired; this surrounds a 
pin and is fastened to it by an easily fusible solder. 
A spring bears upon the pin so that w'hen released 
by the fusing of the solder it comes in contact wdth 
the ground connection and opens the circuit pass- 
ing through the coil. The heat coils in Figs. 4: 
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and 42 arc rated to operate at 0.4 ampere in less 
than 15 seconds, and arc inclosed in cases of 
non-conducting material. 

The Location of the Protective Apparatus de- 
pends largely upon whether it is all combined on 
one base as in Figs. 41 and 42, or whether the fuse 
is separate from the lightning arrester and heal 
coil. Tn the former case, it is usual to mount the 
apparatus immediately inside the l)uil(ling at the 
point where the Avires enter, so that the inside wir- 
ing Avill l)e ex])oscd as little as ])ossible to abnor- 
mal currents; in the latter case it is considered 
best to mount the fuse on the house wall outside 
the building, and the lightning arrester anrl heat 
coil close to the telephone set, so that the entire 
inside wiring is guarded, and the delicate parts of 
the protective apparatus can be easily reached in 
case of trouble. 

The Operation of Series Stations. — ^VVhen a party 
at one of the telef)hone sets on a series line desires 
to communicate with a party at another set, he turns 
the crank handle of his magneto generator at in- 
tervals so as to give a certain number of rings 
throughout all the bells, ringing once to signal 
one .station, twice to signal another, and so on - 
according to a predetermined code. The party 
he wishes, recognizing the number of rings as cor- 
responding to his instrument, goes to the tele- 
phone and removes his receiver from the hook, 
whereupon he is in telephonic .communication 
with the party who desires to speak to him. Ob- 



viously, but two parties can use the line at one 
time, and any of the others can, if they so desire, 
hear all that is being said over the line by simply 
listening at their receivers. Another disadvan- 
tage, which increases with the number of stations 
connected, is the annoyance caused by all the bells 
ringing whenever a signal is sent. 

An Extension Bell in a Series Station is often 
of great convenience, enabling two parties in dif- 
ferent rooms, for example, to utilize the same tele- 
phone set and each have their own signaling code. 


- 9 $ — ^ 


l_m. 


1 




Fig. 43. — Diagram of Wiring for an Extension Bell in a 
Series Station 


Fig. 43 shows the wiring for an extension bell b 
in a series-connected station A. No. 18 B. & S. 
gage rubber-covered wire should be used for the 
leads m and n. In the telephone set. Fig. 32, the 
extension bell would be connected between the 
binding post 7 and the wire leading to this bind- 
ing post from the magneto generator. The coils 
of the extension bell should be wound to a re- 
sistance of 80 ohms. 

The Bridging Connection. — ^Thc bridging con- 
nection of the signaling apparatus with rcspec]; 
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to the line is shown in Fig. 44. Comparing this 
diagram with the series connections, Fig. 28, the 
following points of difference are to be noted. 
The magneto generator a is connected directly 
across the line wires m and «. One end of the 
armature winding terminates in an insulated pin 



c in the armature shaft, and the other end on the 
armature core. When the generator is not in use, 
the armature circuit is automatically opened at 
e by the pin c being separated from the end spring. 
When the crank handle of the generator is turned, 
a spring mounted in the hub of the gear wheel forces 
the armature shaft forward so that c makes contact 
with the end spring and closes the circuit. The mag- 
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neto bell h is permanently bridged across the line 
wires and, being thus continuously in circuit, must 
offer a high impedance to the talking current so as 
not to divert it from its proper course. The ringer 
coils arc therefore wound to a high resistance, 
generally t,ooo or 1,600 ohms, that is, 500 or 800 
ohms per coil, on comparatively long iron cores. 
As far as the connections for the signaling appa- 
ratus arc concerned, it is thus seen conditions (i) 
and (2), previously given, on page 37, are satisfied. 
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Fk;. 45. — Hook Switch with Horizontal Sprin^j Contacts 

The hook switch z is connected permanently 
with both windings of the induction coil by the 
wire o. When the talking circuit is in use, the re- 
ceiver is off the hook switch, jiermitting the latter 
to ])e forced uj) by the spring / and make contact 
at « v; this action (Onnects the receiver to the line 
wires by the circuit ;// 4 r 5 g 7 8 r? 7' w, and the 
transmitter, battery, and the jirimary winding of the 
induction coil are connected in the local closed 
circuit h 6 110 y p /, thercliy satisfying condition 
(3). When the talking circuit is not in use, the 


receiver is on the hook switch; the weight of the 
receiver then overcomes the force of the spring / 
and, by pulling the switch z down, opens the con- 
tact made at u v and thus opens the battery circuit, 
satisfying condition (4). 

DilTcrent forms. of the hook switch for a bridging 
connection arc shown in Figs. 45 and 46. In the 
Kellogg, hook switch, Fig. 45, the contacts are 
formed by a series of (German -silver s{)rings at a, in- 
sulated from each other, and from the frame and the 
hook lever r, l^y hard rubber. The contact points 
arc of platinum, riveted to the springs. I'hc main 
spring b is also of German silver, and is fastened 
so as to act on the lever r throufd* a short moving 
distance. In the Swedish-American desk-set hook 
switch A, Fig. 46, the contact springs are mounted 
vertically at c, and the main spring has the form 
shown at (L The principles of operation involved, 
however, are^ the same as previously described. 
Connection with the contact springs is made by 
the flexible wire cord shown entering the base s 
through the hard-rubber bushing c; and when the 
parts arc assembled as shown at By Irig. 46, the 
skill of the designer is appreciated. 

Details of Wiring a Bridging Station. — ^Thc wood- 
en box shown in Fig. 31 for housing the tele- 
phone apparatus of a series station would serve 
equally well for holding the apj^aratus of a bridg- 
ing station, so that as far as outer appearances arc 
concerned the two kinds of tclcj)honcs may be 
similar. ''Fhe wiring inside o^ the bridging tcle- 
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phone set, however, differs considerably from the 
former case, as already noted, and is shown in 
detail in Fig. 47. Particulars relating to the kind 
and size of wire to use, the connections for the 



Fig. 47. — The Inside Wiring of a Bridging Telephone Set 


protective apparatus, and the wiring up to the 
line wires are identical with those already given for 
the series station, and the reader is referred to 
them for further details. 

An Extension Bell in a Bridging Station is just 




as convenient and as readily connected as in a 
series station. The two wires from the binding 
ix)sts m and n of a bridging extension bell, Fig. 
48, would be connected respectively to the binding 
posts I and 3, Fig. 47. The ringer coils in the 
Acme extension bell shown are wound to a resist- 
ance of 1,000 or 1,600 ohms to correspond with 
those in the main telephone set. 

The Wiring for a Desk Set is shown in Fig. 49. 



Fig. .18. — An Extension Bell for a Bridging Station 


The line wires m and n are brought to the connect- 
ing rack r, on which is usually mounted the induc- 
tion coil ac. The primary winding of this coil is 
denoted by a, and the secondary winding by c. 
The battery b is generally placed near r, and the 
desk set, comprising the telephone stand s, and the 
box d containing a magneto bell and generator, 
is placed where desired, the telephone on the desk, 
and the box screwed either under it or at its side. 
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Three-wire twisted conductors, each of No. e8 B. & 
S. gage rubber- covered wire, join the binding posts 
I, 3, and 5 on the rack to the respective binding 
posts I, 3, and 5 on the telephone stand. The mag- 
neto box may be connected to the line wires either 



Fig. 49. — The Wiring and Connections h>r a Desk Set 


with Straight or twisted conductors of No. 18 B. 
& S. gage rubber-covered wire. 

Modifications of the Bridging Connections are 
numerous. One of the commonest is that in which 
the bell and generator, instead of being in parallel 
with each other across the line, are joined in series 
and bridged across the line as in Fig. 50. The 
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generator g is then provided with an automatic 
shunt, Fig. 29, and consequently offers no resist- 
ance to the incoming signaling current when not 
in service. The magneto bell h being constructed 
the same as in Fig. 44, presents sufficient impe- 
dance, however, to prevent the talking current 
being shunted through this path. 



Fig. 50. — liridginj; Connection with the Bell and Gen- 
erator in Series 

Other modifications arc shown in Fig. 5^* where 
0 is the battery, t the transmitter, p the primary 
of the induction coil, s the secondary of the induction 
coil, r the receiver, g the magneto generator, b the 
ringer, m and n the line terminals, and e the ground 
terminal. At A are given the connections for a 
bridging station in which the bell and generator 
are automatically disconnected during conversation.^ 
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Although the bell and generator are here shown 
in series connection across the line, they may be 
joined in parallel with each other if an open-circuit 
generator is used, and operated as in Fig. 44. As 



c r> 

Fig. 51. — Modifications of the Bridging Connection 


in previous cases, either a grounded or a com- 
plete metallic line circuit can be used. At B is 
shown an arrangement in which the talking cir- 
cuit is metallic, and the signaling circuit is ground- 
ed, the talking circuit or the signaling circuit 
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being automatically introduced by the action of 
the hook switch. When the receiver is on the 


hook the signaling apparatus is in circuit, and 


when it is off the hook 
the signaling appara- 
tuses entirely discon- 
nected. At C is given 
a plan of wiring for a 
wall set, somewhat 
different from that in 
Fig. 47, and at D is 
a different form of 
wiring from that in 
Fig. 49 for a desk set. 
The ringers are all of 
the bridged type. The 
generators in cases A 
and B are provided 
withautomatic shunts, 
but in the cases C and 
D they arc of the open- 
circuit type. 

The Op ration of 
the Bridging Station. 
— Bridging stations 
when operated on a 
grounded system arc 
connected together as 
shown in Fig. 52, and 
when operated on a 
complete metallic sys- 
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Fig. 52. — Method of Wiring Bridging Telephone Sets on a Grounded Circuit 





tcm arc connected together as in Fig. 53. As pre- 
viously noted, disturbances are more frecpient in 
grounded systems, but only half as much line wire 


is required as with 
complete metallic 
circuits. The ordi- 
nary operation of 
bridging stations is 
practically the same 
as already described 
for series stations, 
a party ringing once 
to signal one station, 
twice to signal an- 
other, and so on, or 
by a predetermined 
code of long and 
short rings accom- 
plishing the same 
results. As, in the 
previous case, the 
line is serviceable 
for but two parties 
at a time, there is 
no privacy afforded 
the conversation, 
and the ringing of all 
the bells simultane- 
ously is somewhat 
annoying. Notwit- 
hstanding these dis- 
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Fig. 53. — Method of Wiring Bridging Telephone Sets on a Complete Metallic Circuit 





advantages, both the series and the bridging sys- 
tems arc widely used in small communities, the 
cost of such installations being materially less than 
for direct-line service. 

It has been estimated that for small business- 
houses, or where 8 or to calls arc the daily average, 
but two stations should be connected on a line; for 
residences, or where 3 or 4 calls per day are usu- 
ally made, but 4 stations should be connected; 
and for certain rural districts, up to 10 or 12 sta- 
tions arc practicable. 

The bridging system is ))referable to the scries 
system in that the path of the talking current is 
cleared of the impedance offered by the various 
bell magnets in the latter case, for when the bells 
arc in series their individual impedances are added 
together. It is thus possible in the bridging sys- 
tem to have a greater number of stations connected 
on a line (in certain localities as many as 25 are 
connected), to operate overmuch longer distances, 
and to have far better service than in the series 
system. On the other hand, bridging bells, which 
on any one line should all be wound to the same 
resistance, cost from 25 to 50 per cent, more than 
series bells, and when many stations arc connected 
4-magnct generators must be used in place of 
3-magnet generators; these incrc'ased expenses, 
however, are small in comparison with the advan- 
tages mentioned. 

Different Forms of Telephone Sets. — ^Telephone 
sets are made up in a great variety of ways; two^ 



of the most common forms arc ihc solid -back wall 
set and the desk set shown rcsj)cclively in Figs. 
31 and 46. In addition to these a number of 
other forms arc shown in Figs. 54, 55, 56, and 
57. Fig. 54 illustrates a cabi- 
net wall set. This set dilTers 
from the solid-back wall set, 

Fig. 31, in having the battery 
box b extended to the floor 
so that the set is supported 
upon the floor rather than by 
the wall. This is desirable in 
cases where the wall cannot 
be used for the purpose. The 
induction coil is mounted in 
the magneto box ci, and the 
battery cells arc placed one 
above the other in b instead 
of side by side as in the solid- 
back wall set. Fig. 55 shows 
a hotel or residence set, its 
compactness being its chief 
characteristic. At B the door 
of the set is open, showing the 
box to contain all of the tele- 
phone apparatus except the 
battery, which must be placed 
elsewhere. The transmitter is jflaced upon a knuckle 
joint, which permits of the usual vertical adjust- 
ment provided in most sets for conforming to the 
height of the user. Fig. 56 shows a swinging- 
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Fig. 54. — Cabinet 
Wall Set 


arm desk set for office use.. This set difTers con- 
siderably from the desk set, Fig. 46; its adjustable 




arm a enables the apparatus to be kept ready for 
instant use, yet out of the way and securely fast- 
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cned in place. Fig. 57 shows a desk cabinet set, 
intended for use where it is desired to sit down in 
telephoning; this set is especially suited for hotels, 
business offices, and telephone booths. The trans- 
mitter / is mounted on an iron arm, and the licad 
of the transmitter is hinged so as to be adjustable. 
The battery is placed in the box h below the writ- 



Fig. 56. — Swinging- Arm Desk Set 


ing desk w, and the rest of the apparatus is mounted 
in the glass-covered compartment n. 

Telephone Booths. — ^These are sound-proof wood- 
en cabinets containing a telephone set and the 
necessary space for one person in telephoning. 
They are built with double walls, roof, floor, door, 
and windows, and have an air space of J inch be- 
tween the inner and outer parts. This air space 
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deadens or retards the passage of sound from the 
outside to the inside, or the reverse. Fig. 58 shows 
the usual form of a telephone booth. 



Fio. 57. — Desk Cabinet Set 
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INSPECTION AND MAINTE- 
NANCE OF TELEPHONE 
INSTRUMENTS 


The Receiver. — Receivers, on account of their 
location entirely outside the telci)hone case, are 
particularly exposed to injury. During the inspec- 
tion trips, which should be made every three or four 
months, the receivers should be given special atten- 
tion. The diaphragm cap should be unscrewed 
from the Ijody of the receiver, and the diaphragm 
examined to see if it is bent or rusty; if either of 
these synn)toms show up it should be replaced by 
a new diapliragm, but if apparently all right it 
should be dusted and used again. The strength of 
the permanent magnet should be tested by placing 
the diaphragm in contact with the pole faces; if a 
violent shaking of the magnet lengthwise fails to 
dislodge the diaphragm, the magnet is sufficiently 
powerful. Another method of testing the magnet 
consists in seeing if it will hold up the diaphragm 
by its edge. If the magnet fails to pass either of 
these tests, a new receiver should be substituted. 

In reassembling the parts of the receiver, care 
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must be taken to have the faces of the magnet 
exactly 3V from the (liaj)hragm. This can 
be tested with the (lia])hragm olT by placing a small 
flat slick across ihe circular siip])()rt of the dia- 
phragm and measuring the distance between the 
stick and the pole faces of the magn(‘l. If the 
magnet is not in its ])roper ])osilion, il must be 
adjusted by turning it on the screw wliich holds 
it to the case. All ])arts must be ])erfectly clean 
when reassembled. 

Receiver cords should be tested for a ])Ossible 
break or ])oor connection by listening in the re- 
ceiver while the wire cord is moved or twisted; 
perfect receiver cords with clean bright tips se- 
curely Connected to the binding posts are neces- 
sary for satisfactory operation. The sizzling sound 
sometimes heard in a receiver results from loose 
connections or from too strong a talking current 
rather than to a defect in the receiver. 

The Transmitter. — IVansmitters are less liable 
to get out of order than are receivers. Loose con- 
nections and too strong or too weak a battery cur- 
rent are ofl(’n responsible for so-called transmitter 
troubles. If the current is too strong the carbon 
in the transmitter will heat, and if granulated 
carbon is used it Avill then become packed; on 
the other hand, too weak a battery current will 
give a weak transmission. I^ickingof the carbon 
granules can usually be overcome temporarily by 
lightly tapping the .side of the transmitter, and 
permanently by using not more than two Fuller 
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cells in series or their equivalent in the other forms 
of cells previously described. 

In the Blake transmitter, it is very important that 
the contact between the platinum ball and carbon 
button be kept clean and in good condition; other- 
wise the sound will be scratchy. As the platinum 
ball by pressing against the carbon tends to roughen 
it, the latter should be rubbed occasionally with 
emery cloth and polished with a clean piece of 
paper. The platinum ball should also be polished, 
using unglazed writing-paper for the purpose. 
The springs must be left tightly clamped to their 
supports, and the final adjustments made by .the 
bottom screw. If the sound is hollow the dia- 
phragm should be given more play by loosening 
up the damper, and if there is a metallic pitch to 
the sound the diaphragm is probably bent. 

The solid-back transmitter seldom requires at- 
tention. At times, however, the nuts at y. Fig. ii, 
binding the diaphragm at its center to the inner 
metal cone become loosened and have to be tight- 
ened, because the vibrations of the diaphragm are 
not then perfectly transmitted to the carbon, and 
the sounds are more or less indistinct. To tighten 
the nuts it is necessary to remove the metal cover 
r r from the case j by unfastening the screws around 
the outer edge. The nuts can then be loosened 
and the diaphragm adjusted to its proper place, 
after which the nuts may be tightened and the parts 
reassembled. If the diaphragm has been injured 
in any way, it is reached by following the instruc- 
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tions just given, and should be replaced with a new 


Poor transmission of speech is not always due 
to a defect in the transmitting devices. It may 
be caused by an improper use of the telephone 
as indicated in Fig. 59; in such a case the trans- 
mission will be indistinct and weak, no matter how 
good the transmitter and the other apparatus. 
Holding the transmitter against the breast us has 




flC RIGHT mV 


rio. 59- FiCt. 60. 

Fig. 59. — Improper Position in Tc! phoning 
Fig. 60. — Proper Position in Telephoning 

recently been advocated by some medical authori- 
ties, instead of in front of the lips, may have its 
advantages from a hygienic point of view, but the 
voice is not transmitted as clearly nor as well because 
ill the former case the vibrations of the larynx must 
travel a comparatively long, obstructed route through 
the lungs, thoracic walls, and garments of the user 
instead of through a short free-air S])acc in the latter 
case. Fig. 60 shows the proper way to use the 
transmitter in talking, to sc*cure the best results. 



The Battery.— Batter}^ troubles generally arise 
from an exhausted battery solution, insuiScicncy 
of zinc, inferior quality of the plates, or from poor 
connections with the plates. An exhausted battery 
solution in the T.cclanche cell is indicated by crys- 
tals collecting on the zinc; in the Fuller cell, by the 
color of the licjuid becoming dark; and in the grav- 
ity cell, by the position of the dividing line between 
the two solutions being too high or too low. The 
dividing line should be kept about i inch above 
the copper plate either by replacing a i)ortion of 
the zinc sulphate with water or by introducing 
more copper-sulphate crystaJs; the addition of the 
water will cause the dividing line to drop, and the 
addition of the crystals will cause it to rise. Dry 
cells become exhausted in from six months to a year 
and a half, depending upon how much the tclc- 
])honc is used; Avhen they have become exhausted 
they should be replaced by new ones. During 
their useful life they require practically no tante- 
tion. I^orous cups in ballerics should be renewed 
when they lake on a rusty color. 

Jlaltcry zincs re(|uire as much attention as the 
solution. When they become coated with salt, 
it is necessary to scrape and thoroughly clean them; 
if they have been much eaten away, new ones 
should be substituted. In purchasing new zincs, 
it is advisable to select only those having a light 
color and which give no indications of being porous, 
as they are then less liable to certain impurities. 
If the zincs are not amalgamated when purchased, 
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this should be done by first cleaning them in sul- 
phuric acid and then rubbing mercury over their 
surface. Copper plates after much usage become 
so filled with salt that their elTective surface is 
considerably lessened , they should then be replaced 
by new ones. 

The terminal connections of the l)attery must 
be kept tightly screwed and free from creeping 
salts. The contact 
surfaces should be 
made clean and bright 
before they are jjlaced 
together- In connect- 
ing a wire to a bind- 
ing j)ost it should be 
bent around the screw 
as at - 1 , Fig. 6i, so 
that the nut when be- 
ing screwed on will Fjq, 6^, — Right and Wrong 

tend to draw the wire Connecting a Wire to 

a ninding Post 

closer to the screw and 

not throw' it out as it would if the w'ire be bent 
as at B, 

Although a defective battery may usually be 
remedied by treating the apparent trouble, the ex- 
act w^orking conditions of a cell can best be learne.l 
by testing its voltage with a low- reading voltmeter, 
Fig. 62. Comparing the reading on the scale a 
w'hen the terminals of the cell are disconnected 
from the tele\)hone circuit and joined by short 
wires to the binding posts c and .v of the meter, with 
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the figures previously given for the electromotive 
force of the kind of cell tested, will show the true 
operating condition of the cell. A battery is often 
exhausted unnecessarily by the user of the tele- 
phone forgetting to replace the receiver on the hook 
switch when through talking. This leaves the 
battery circuit closed through the transmitter and 
primary winding of the induction coil, and makes 
the cells work continuously. 

The Magneto Bell. — A thorough insj^ection of 

the magneto bell neces- 
sitates the door of the 
magneto box being 
opened and an exami- 
nation made of the 
movement of the clap- 
per. If the clapper 
clings to one gong, that 
gong should be moved 

Fio. 62 — A Low-Reading slightly toward the 
Pocket \^Umetor for Testing other i^ong and against 

the clapper. If the ring 
is not loud and clear, it indicates that the gongs 
arc too close together. They should be so adjusted 
that the clapper just touches their edges when in its 
extreme positions. The soldered connections in 
the bell circuit on the door and hinges should also 
be carefully examined. 

The Magneto Generator. — Defects in generators 
can usually be traced to their circuit- closing de- 
vices. In series generators the spring of the auto- 
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matic shunt is usually the cause of the trouble; 
in bridging generators, the contact between the 
armature shaft and contact spring is often de- 
fective by reason of dust and oil accumulating 
thereon. A slight bending of the«!;pring, or per- 
haps a new one, will be required in the former 
case, and the cleaning of the contact surfaces will 
be necessary in the latter case, to set matters right. 
If platinum contacts are used, unglazed wTiting- 
l>apcr should be employed to clean them; other- 
wise emery cloth or sand-paper may be used. 
Occasionally, the permanent horseshoe magnets 
become weakened, preventing the development of 
current. This can easily be tested by placing the 
fingers across the terminals of the generator and 
turning the handle. If no shock is felt with the 
contacts and springs in good condition, the mag- 
nets are at fault and a new generator should be 
put in. An occasional oiling of the gear wheels 
and armature bearings is necessary to make them 
run smoothly. 

The Hook Switch. — This part of a telephone 
set sometimes fails by making poor connections 
with the contact springs. In a series set, the trouble 
is usually in the contact with the lower spring, in 
which case the bell circuit will be open when the 
receiver is on the hook. In a bridging set, accu- 
mulations of dust on the springs actuated by the 
hook switch may cause i)oor contacts l)ctwcen the 
springs, or they may have become slightly bent 
out of shape. A slight bending of the springs and 
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the use of unglazcd writing-paper or fine sand- 
paper arc the remedies to apply. 

To Locate Trouble in a telephone station with- 
out examining each part of the apparatus sepa- 
rately, the inspector should proceed as follows. • 
If the trouble is in the signaling circuit and is 
such that the station can be called but cannot call 
others, the magneto generator should first be tested. 
This, in case of a series set, should be done by 
connecting logetlier the top binding posts of the 
set and turning the handle of the generator; if 
the bell of the set rings, the generator is all rif^ht; 
but if it does not ring, the generator must be exam- 
ined for the defects previously suggested. In case 
the bell rings, the short circuiting wire should be 
removed from ac:ross the top binding posts of the 
set and placed across the line circuit at the point 
of entrance to the building. The ringing of the 
bell now indicates that the inside wiring is all right 
and that the trouble is elsewhere. The ground 
connections might then advantageously be in- 
spected. Tn case of a bridging connection, the 
generator, if in good order, should ring the bell of 
the set without any changes being made in the 
wiring. If it does not ring its bell, an examina- 
tion should be made of the generator; but if it can 
do this, an inspection is necessary of the other 
ringers on the line to sec if all of them have the 
same resistance. 

If the station cannot be called but can call 
others, the bell should first be examined; in case 



of a bridging bell, the generator of the set should 
also be inspected for a short circuit between its 
contact spring and the insulated pin on its arma- 
ture shaft, and ihe resistance of the ringers on the 
line should be checked up. 

If the trouble is in the talking circuit and is such 
that a message can be received but not trans- 
mitted, the battery would first be suspected; next 
a broken connection in the battery circuit; and 
finally, a damaged transmitter. 

If a message can be transmitted but not re- 
ceived, the fault is obviously in the receiver. Weak 
incoming messages and signals, however, may be 
due to poor connections. 

The Inspector’s Kit should contain a screw- 
driver, tack hammer, file, pair of long-nosed pliers, 
pair of cutting pliers,, trimming knife, soldering 
lamp and iron, solder and soldering fluid, roll of 
rubber tape, coil of No. i8 insulated wire, small 
bottle of machine oil, dust brush, candle, small 
low-reading voltmeter, chamois skin, cloth, and 
oil or paste for polishing outside of telephone set, 
fine sand-|)a|)er, emery cloth and unglazed writing- 
paper, box of nuts, screws, staples, and washers, 
box of granulated carbon, box of carbon l)uttons, 
rec'eiver and transmitter diaphragms, receiver cords, 
magneto-box hinges, rubber bands, dampers, and 
contact springs. In a separate bag should be the 
battery sui)])lies, comprising zincs, carlions, co\)- 
per plates, jiorous cups, solution ingredients, or 
dry cells, depending upon the kind of batteries in 
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use. Some cotton rags or waste, and a sponge, 
should be included if wet cells are employed. 
Glass battery jars cannot well be carried with the 
other materials, and if any of those in use are found 
to be broken or cracked, a separate trip should be 
made. 
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TELEPHONE LINE WIRING 


The Route to be taken by the telephone lines 
is governed by the location of the stations to be 
connected, and by the streets, roads, or alleys along 
which rights of way can be obtained. The shorter 
the line and the straighter its course, the better. 
Rights of way must generally be secured by deal- 
ing individually with each property owner on whose 
land poles are to be placed. The agreements thus 
made should be in writing and should state with 
reference to a sketch the number and location of 
poles to be erected, braced or guyed, and the ex- 
tent to which tree-trimming can be carried. These 
matters should be settled definitely before begin- 
ning the construction of the pole line. 

The Pole Line consists of poles set in line along 
the route chosen. Each x^ole carries one or more 
cross-arms or brackets near its top, and each cross- 
arm usually carries from 6 to lo glass insulators 
supported on wooden pins. The line wires are 
tied to the insulators and run parallel with each 
other from pole to pole. When the line consists 
of less than 6 wires, brackets fastened to the sides 
of the poles are generally used in place of cross- 
-arms for support! ag the insulators. When the 



line consists of more than 15 complete circuits, 
that is, more than 3 lo-pin cross-arms can carry, 
a 50-pair cable is suspended between the poles, 
and the cross-arms are used for further growth. 

The Location of the Poles according to the right- 
of-way agreements should at first be indicated by 
stakes driven in the ground at uniformly equal 
distances of 130 feet. This spacing will require 
40 poles per mile of line. At curves and at rail- 
way and stream crossings, liowevcr, the spacing 
may have to ^'ary so as to conform to the existing 
conditions and afford the proper strength and 
alignment. Along railway lines the poles should 
not be set within 7 feet of the edge of the rails, 
and the line wire must be at least 22 feet above 
the top of the rails. In crossing roads, streets, or 
highways the vertical distance between ground 
and wire should be at least 18 feet, and the cross- 
ing sliould be made at an angle of 45 degrees. 

In crossing hilly country the shortest poles should 
l)e used on high ground and the longest poles in 
the valleys, as in Fig. 63. The intermediate poles 
should be of such lengths that the difference in 
lieight between adjacent ones will not tend to lift 
any of the insulators off their pins; in Fig. 64 such 
a tendency q^ists at </. The smoothest and best 
proportioned poles should be resented for use in 
front of residences, and the heaviest j)oles for the 
corners and curves. 

Telephone Poles. — Chestnut, southern cedar, and 
Norway junc are the woods now chiefly used for 



telephone poles. The limber should be cut in 
the winter months, from December to I"i‘]jruary, 
when the sap has left the trees and ^ijrowtli is tem- 
porarily suspended. The i)resence of sap in a 



63. — Projx'r Distribution of Poles in Hilly C'oimtry 

pole causes it to rot quickly. Each pole should 
have not more than one bend nor a sweep of over 
12 inches; it should be closely grained, free from 
large knots, and its heart must be sound and firm. 
The bark and branches should l^e removed and 
the pole cut to the required length as soon after 
it has been felled as possible. The reciuired length 
depends upon the number of cross-arms it must 



Pio. 64. — When Poles Allot the Same T-(‘njj;ths :»ro, Use<l 
in Hilly (Vnintry, Some of the Insulators May be Lifted 
OIT their Pins 

carry and the obstacles to be clean'd by the wires. 
With I cross-arm, the pole must l)e at least 15 
feet above ground and at least 5 feet in the earth, 
so 2o-foot poles arc the shortest on(.*s practica- 
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ble. Longer poles usually vary by 5 feet up- 
ward to 70 feet and are buried from 6 to 8 feet in 
the earth. The circumference at the top of the 
pole and at 6 feet from the butt must be considered 
in selecting poles. These dimensions should be 
proportional to the length of the pole and should 
approximate those given in the following table for 
poles from 20 to 70 feet long : 


Len^h of 
Pole, in 
Feet 

Circumfer- 
ence at Top, 
in Inches 

Circumfer- 
ence Six Feet 
from Butt, 
in Inches 

Approximate 
Weicht per 
Pme, m 
Pounds 

Depth in Feet 
to which Pole 
Should 1)e 
Buried 

20 

13 

24 

100 

5 

2$ 

19 

27 

350 

si 

30 

22 

34 

450 

si 

35 

25 

40 

600 

6 

40 

25 

43 

800 

6 

45 

25 

46 

1,000 

6i 

50 

25 

50 

1,250 

7 

55 

25 

54 

1,550 

8 

60 

25 

58 

2,000 

8 

65 

22 

58 

2,700 

8 

70 

22 

64 

3.400 

1 

8 


The top of each pole should be slightly pointed 
as in Fig. 65 and then painted to enable it to shed 
water. A number of gains n should be cut in the 
pole, corresponding to the number of cross-arms 
to be used. The center of the first gain should 
be 10 inches from the lop of the pole, and the cen- 
ter of each subsequent cut should be 24 inches 
below that of the preceding one. The gains 
should each be 3J inches wide and \ inch deep, 
true and square with the axis of the pole so that the 




cross-arms when fitted in them will be at- right 
angles to the pole in all directions. Each gain 
should be bored for one f -inch bolt, directly through 
the center of the pole and at right angles to the 
gain, and should be painted to protect it from 
moisture. A paint well adapted for the top and 
gains of a pole is Prince’s metallic paint, mixed 
in the proportion of 7 pounds of the dry paint to 



I gallon of linseed oil. Two thick coats of this 
paint should be applied. 

In Setting Poles a hole for each one is dug in 
the ground to a depth of 5 to 8 feet, depending 
on the height of the pole and the condition of the 
ground. When the ground is of normal consist- 
ency, the depths noted in the table just given are 
considered proper for straight lines; on comers 
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and curves the strain is greater, requiring i foot 
greater depths than tabulated. The hole should 
be dug large enough to allow the pole to be dropped 
straight in without forcing it. Poles less than 45 
feet in length arc raised as shown in Fig. 66. 
This generally requires about 6 men, 4 of whom 
arc provided with pike poles w, w, r, and .9, that is, 
wooden poles from 8 to 14 feet long terminating 



Fig. 66. — Method of Rxiising a Telephone Pole 


in sharp iron points. The 4 men arc distributed 
around the telephone pole which is j)laced with 
its butt projecting over the hole dug for it, and, by 
slicking their pikes in the pole and pushing, raise 
it to an upright position in the hole. The fifth 
man a, standing at the hole, guides the butt of the 
pole in the proper direction, while the sixth man 
c, with a heavy pole terminating in a U-shaped iron 
prong called the dead man, steadies the pole as it 



is being raised. Poles over 45 feet long are raised 
by means of a tripod-derrick erected over the hole. 

The pole must be given its proper position in 
the hole before the earth is ])ackcd around it. In 
straight lines the ])ole must be jdaced perpendicu- 
lar; at curves, it should be inclined slightly outward 
to compensate for the ])ull of the wires. The 
poles must be turned so that the gains for the cross- 
arms on consecutive poles come on alternate 
sides; this will lessen the number of cross-arms 
liable to be pulled off in case of a pole breaking. 
On straight lines the gains should be perpendicular 
to the line, and on curves they should be set ra- 
dially. While the pole is held in its proper position 
the open space in the hole is filled in by means of 
one shovel, the earth being packed solidly around 
the pole by the simultaneous use of three tampers. 
Coarse earth or gravel should prefera})ly be used 
at the top of the hole. When the ground is sandy 
or marshy a 6- or 8-inch grouting composed of i 
part Portland cement and 2 parts of sand mixed 
with broken stone may well be used as an artificial 
foundation. 

Side Strains on Poles at curves and corners must 
be counterbalanced by means of guys or braces. 
For guys, galvanized steel cable composed of not 
less than 7 strands, each 0.109 inch in diameter, 
must be used. One end of this should be fastened 
to an iron rod cr. Fig. 67, about 8 feet long, which 
is threaded at the lower end and provided with a 
nut and washer s. This rod is passed through a 



plank m and log c, the latter about 5 feet long and 
not less than 8 inches in diameter, and then buried 



Fig. 67. — Method of Guying a Telephone Pole 

6 feet under ground in such a position with respect 
to the pole that it will lie in the direction of the 


Fig. 68. — ^Plan of Pole Line, Showing the Proper Poa- 
tion of a Guy and a Brace for Counterbalancing the Side 
Strains on a Pole 

guy h, and make the plank and log serve as an 
anchor. The butt of the pole to be guyed should 




be reinforced with 2 logs n and v similar to the one 
just mentioned, bolted to the butt of the pole as 
shown. The greater the distance between the 
butt of the pole and the anchor log c, the more 



c 

Fio. 69. — Details of Guying at Comers and Curves 


serviceable the guy. In all cases the guy should 
halve the obtuse or outside angle formed by the 
poles. Thus in Fig.i iS, the position of the pole h 
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causes the line to curve at this point. The strain 
of the wires from the poles c and e tends to pull the 
pole h toward the observer, and to counterbalance 
this the guy v should exert a tension in the opposite 
direction, along the bisector of the obtuse angle 
c h e. Some practical applications of guys at cor- 
ners and curves are shown in Fig. 69 at ^ 4 , B, and C. 
Head guys e, etc., are needed in ease B from top 



Fig. 70. — ^Use of a Giiy Stub for Clparirjff Obstacles 


of pole I to bottom of pole 2 and from top of pole 
4 to bottom of pole 3. In case C, head guys e are 
used toward the middle of the curves as shown. 
The guy cable should be fastened to the pole by 
wrapping it twice around and then clam])ing it. 
Staples are used to prevent the guy from slipping 
on the pole. 

Guy stubs serve to raise the cable when it is 
desired to clear obstacles. Thus, in Fig. 70 the 
guy stub a permits the pole guy m to be carried 


sufFidcntly hij;h to ])c*rmit the use of the path n. 
The anchor guy a* is fastened to a about 3 inches 
below /«, and both s and m are held in place by 
staples. The guy stub should be strengthened by 
2 logs c and e as shown. 

Trees are sometimes convenient for anchors, 
but w^hen thus used should be protected with lag- 
ging of boards or 
staves placed around 
the tree where the 
guy cable is wrapped. 

No limbs under 5 
inches in diameter 
should ever be used 
for anchors; in any 
case the trunk of the 
tree is preferable. 

Pole braces are 
used where it is im- 
practicable to use a 
guy. These arc 
placed so as to halve 
the acute or inside angle formed by the poles. 
For example, in Fig, 68 the brace r, consisting of 
a i)ole similar to the telei)hone pole, is idaced as 
shown and serves the same j)urposc as the guy 
cable V in countcrl)alancing the side strain upon 
h. Fig. 71 shows the method of installing a brace. 
It is bolted at the lower end to an anchor log c 
buried 6 feet below^ the surface, and the other end 
is secured to the telephone pole by means of 2 nails 




driven through the 2 poJcs and by No. 6 iron wire 
a wrapped 3 times around the poles and held in 
place on the brace by a s-inch fetter drive screw. 

Pole Brackets. — ^Thesc may be used in place of 
cross-arms for supporting telephone wires when the 
pole is not to contain over 6 wires. In this case no 
gains need be cut on the pole, as the brackets are 

screwed directly to the 
sides of the poles. 
Wooden brackets, A, 
Fig. 72, arc generally 
used where the pole is 
to carry t or 2 wires, 
and iron brackets, B, 
Fig. 72, for more than 
2 wires. Where more 
than I bracket is need- 
ed, they arc placed on 
opposite sides of the 
pole so that there is 
the same number of 
wires on both sides. 
The lineman climbs the pole after it is set, by 
means of spurs strapped to his legs,- and fastens 
the brackets in place with drive screws. 

Cross-Anns. — If cross-arms are to be used they 
should be bolted in the gains cut for them on the 
poles, after the poles are in position. The line- 
man carries with him up the pole a pulley and a 
coil of rope. The pulley he fastens to the top of 
the pole and then passes the rope through it, allow- 





ing both ends to reach the ground. His assistant 
ties the cross-arm to one end of the rope and by 
pulling the other end raises the cross-arm to the 
lineman, who fastens it in place as shown in Fig. 
65 at a, using a y-inch machine bolt, nut, and 
square washers. Two cross-arm braces c and e, 
Fig. 65, of 1 -inch galvanized steel, each 28 inches 
in length and i inch in width, are also attached 
to each cross-arm by a 4-inch carriage bolt r, and 
together are secured to the pole by one |-inch fetter 
drive screw s. 

All cross-arms should be made of thoroughly 
seasoned straight-grained yellow pine. The wood 
should be solid, free from cracks, knots, sap wood, 
and dry rot. The principal dimensions arc given 
in the following table. The finished measure- 
ments arc 3I by 4I inches. The pin holes should 
be such as to afford a driving fit for the pins, and 
the central hole for the f-inch machine bolt should 
be T^-inch in diameter. Cross-arms should be 
rounded at the top to shed water, and well painted 
with lead and oil before being placed in position. 


Number of 
Pins per 
Cross-Arm 

Length of 
Cross-Arm 
in Feet 

Pin Spacing in Inches 

Ends 

Sides 

Centers 

6 

6 

4 

12 

16 

8 

1 

1 4 

1 *5 

1 22 

10 

10 

1 ^ 

12 

16 


Cross-Arm Pins.— These are made of locust, 
and in straight-liije construction have the form and 
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dimensions shown Jn Fig. 73. The shank b fits 
into the hole in the cross-arm, and is held by a 
6-pcnny wire nail driven through the side of the 
arm; the flange d prevents water from entering 
the hole. The screw threads at 
a are cut to fit the threads of a 
glass insulator which screws on 
the pin. The pin, Fig. 73, is 
used in supporting but one line 
and is called a line pin. There 
is another kind called a trans- 
position pin which is used for 
supporting 2 lines; this pin dif- 
fers from that shown only in hav- 
ing the thread cut |-inch longer. 

Insulators. — Insulators for the 
cross-arm pins are made of glass 
in two forms: line insulators to 
fit line pins, and transposition 
insulators to fit transposition pins. 
One of the former kind is shown 
at A , Fig. 74, and one of the latter 
at 5 , Fig. 74. It will be noted 
the simple insulator has but one 
Fig. 73. — A cross- groove forwire and is made in one 
piece, whereas the transposition 
insulator is made in two pieces in each of which 
there is a groove for a wire. In placing a trans- 
position insulator on a \nn the lower glass is first 
screwed on so that about i inch of the thread 
of the pin projects through the hole.* The upper 
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glass is then screwed down liglillv on the lower 
half. 

Telephone Line Wire. — Galvanized iron wire 
and copper wire are both used for telephone-line 
conductors. Iron is stronger and cheai)er than coj)- 
per, but offers nearly six times as much resistance 
to a current of electricity. Iron line wire is always 
galvanized to prevent it from rusting, but even the 
best galvanizing fails to prevent corrosion entirely, 
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Fig. 74. — Line and TranspusiLion Insulators 

in consequence of which iron wire will usually 
serve less than half the lime of copper wire. On 
the other hand, iron wire costs but 30 cents per 
pound, whereas copper wire costs about 15 cents per 
pound. For a private line it is usual practice to 
use No. 12 galvanized iron wire; for bridging lines 
not over 25 miles in length, No. 12 galvanized iron 
wire; and for longer lines No. 10 or No. 8 galvan- 
ized iron wire. When coiiper wire is employed, 
sizes from Nrf. 8 to No. 14 are used; the No. 12, 


having a diameter of o.o8 inch and a breaking 
strength of about 325 pounds, being the most usual. 

For a common return wire used in place of the 
ground when there arc a number of instruments 
connected together, a No. 8 cop]:)cr wire is desira- 
ble. This usually affords best protection from 
foreign noises when not grounded. Telephone con- 
nection by means of a common return conduc- 
tor is cheaper than the use of complete metallic 
lines, but docs not afford such freedom from in- 
ductive disturbances. 

Copper line wire should be hard drawn, un- 
insulated, and have a conductivity of at least 97 
per cent, that of pure copper. Iron line wire 
should be thoroughly annealed and double gal- 
vanized. Iron wire is made in several varieties 
commonly known as “Extra Best Best,” “Best 
Best,” and “Steel.” “Extra Best Best” or “E. 
B. B.” wire is made of the very best material and 
has the highest conductivity of any iron; its break- 
ing strength is about 2.7 times its weight per mile. 
“Best Best” or “B. B.” wire is harder than the 
“E. B. B.” and of less conductivity, but is stronger; 
its breaking strength is 3.3 times its weight per 
mile. “Steel” wire is stronger than those pre- 
viously mentioned, but has poor conductivity; it 
has a breaking strength of about 4.5 times its 
weight per mile. The properties of both copper 
and iron wires are recorded in tables in the Ap- 
pendix. 

Stringing the Line Wires is usually done by aid 
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of a running board and rope and a team of horses. 
The rope is carried over the cross-arms of the 
poles for a distance of about 1,500 feet and its end 
fastcnca inrough the center hole c of the running 
board, Fig. 75. At this end of the line arc mounted 
the reels containing the wires, and one end of each 
wire is fastened to the board through the holes a, e, 
s, fly etc. The horses are then hitched to the 
other end of the rope and started, and as they walk 
away they pull the board and wires over the cross- 
arms. On each pole a lineman guides the board 
and wires over the cross-arm, and when the reels 



Fig. 75. — ^Running Board Used in Stringing Telephone 
Line Wires 


are empty the wires arc temporarily fastened and 
the process repeated with full reels until the entire 
course is covered. In stringing wires over cross- 
arms below the top one, a divided running bbard 
is used, one half of it passing each side of the pole. 

In case but one or two line wires are to be strung, 
the running board and team may be dispensed with, 
the running rope being then tied directly to a wire 
and pulled over as many cross-arms as possible 
by hand. 

The line wires arc finally drawn tight by means 
of clamps and tackle. Fig. 76, until the sag in 
inches between the adjacent poles corresponds to the 
figures givetrin th(' following table for the tempera- 
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turc and length of span in feet dealt with. If the 
wires are drawn tighter than there indicated, they 
arc liable to contract and break in cold weather, 



and if allowed a greater deflection they will swing 
in the wind and eventually break at the insulators. 


Sl*AN IN VkKI 


Teinperatiin^ in Pc- 
grees Fahrenheit 
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Each line wire is tied to its insulator as shown in 
Fig. 77, the tie wire m being from i6*to 22 inches 
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in length and of the same size and material as the 
line wire n n. On straight lines the line wires arc 
placed on the inner sides of the insulators, except- 
ing the two wires next to the pole, which arc placed 



Fig. 77. — Method of T3nng the Line Wire to its Insulator 



Fig. 78. — Position of the Line Wires on the Insulators in 
Straight Lines 
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Fig. 79. — Position of the Line Wires on the Insula- 
tors at Curves 



Fio. 80. — ^The Standard Western Union Joint for Con- 
necting Iron Wires 

outside to afford greater clearance of the pole. 
On curves, the line wires arc placed so that the 
strain draws them against the insulators. These 
two cases arc showm respectively in Figs. 78 and 7 q. 
Joints in irpn w ires arc made as in Fig. 80, which 
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shows what is known as the ‘‘Standard Western 
Union” joint. Joints in copper wires are made 
with Mclntire copper sleeves, Fig. 8i, each hole in 



Fig. 8i. — Mclntire Sleeve for Connecting Copper Wires 

the sleeve being no more than o.oi inch larger 
than the wire with which it is used. The ends of 
the copper wires to be joined arc inserted in the 
respective halves of the sleeve from opposite ends, 
so that each wire projects one-quarter inch beyond 



Fig. 82. — Pliers for Use in Connection with Mclntire 
Sleeves 


the sleeve. The ends are then turned over, and by 
means of Mclntire pliers, Fig. 82, the sleeve and 
wire arc twisted as in Fig. 83. 

Dead-Ending a copper line wire on its last -insu- 



lator for the purpose of connecting it to a cable 
or to a station instrument is done as in Fig. 84, 
the line wire being first slipped throjigh a Mcln- 
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tire half-length sleeve n, then wrapped once around 
the insulator, and finally run back through the 
sleeve, which is then given one and one-half turns. 

Transposing Line Wires. — ^Telephone instru- 
ments are so sensitive that cur- 
rents induced in the line wires from 
neighboring circuits produce in 
the telephones disturbing noises 
commonly termed “cross talk,” un- 
less care is taken to prevent them. 

To overcome disturbances of this 
nature, which are especially trouble- 
some in the vicinity of electric-light 
and power wires, both lines of a 
telephone circuit must be metallic 
and balanced with respect to adja- 
cent lines so that the induction from 
them is neutralized; this balancing 
is done by transposing the line wires of each 
telephone circuit on a pole at regular intervals 
along the line. » 

The method of making the transpositions is 
shown in Fig. 85. Transposition pins and insu- 
lators and Meintire sleeves are employed. Sup- 
posing the line wires m m and nn oi ^ complete 
metallic circuit are to be transposed, these wires 
are cut and the two ends of each arc dead-ended on 
the transposition insulator corresponding to that 
line, the upper groove of the insulator being used 
for one end and the lower groove for the other end. 
The four tcrjninals of the two line wires are then 


P I o . 84. — 

Method of 
Dead-ending a 
Wire 



cross-connectcd by Ihc sleeves r and 5 so that in- 
stead of m m and fi n being continuous, m n and 
n m are continuous. 

Four complete metallic circuits A, Bj Cy and 
D, Fig. 86, ha^•c thus l>een transposed at a, b, c, d, 
etc. Considering, for examine, the circuits A and 
B, of which m and n arc the conductors of the for- 
mer and s and r those of the latter, it is obvious 



that if a current in n induces a current in s, the 
current in the other wire m of circuit A will induce 
in s a current ecjual in value and oj)posite in di- 
rection to the first induced current if the trans- 
position a be made. 'Hie two induced currents 
will, therefore, neutralize each other, removing 
the cause of the disturbances, and in the same 
manner the other transpositions shown will pre- 
vent inductive disturbances in the other parts of 
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the circuit. In circuit C the wires should be 
transposed at about every tenth pole, and in the 
other circuits transpositions should be made rela- 
tively as shown. 

In addition to llie desirability of thus having 
both wires of a complete metallic telephone cir- 
cuit subject to the same amount of inductance, 
they should also have substantially the same ohmic 
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Fio. 86. — Relative Locations of Transpositions in Fryir 
Adjacent Circuits 


resistance, the same insulation resistance, and the 
same electrostatic capacity. Aside from the trans- 
positions, both wires should, therefore, be of the 
same material and of equal lengths, and should 
be insulated in the same manner on the same 
cross-arms or in the same cable, and should always 
be adjacent to each other. 

Drop Wires.— The drop wires running from the 
line to the premises of the telephone user may 
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consist of a pair of No. 14 B. & S. gage hard-drawn 
copper wires, tinned, twisted, and insulated cither 
with okonite or with three separate, closely woven 
braids of cotton impregnated with a moisture- 
repellent compound. ‘ The thickness of the rubber 
compound in the former case should be -^Vinch, 
and of the furnished cotton insulation in the latter 
case not less than jV-inch. In place of a twisted 
pair, however, bare open wires may be used. The 
drop wires are joined to the line wires as shown 
in Fig. 87, A being the method employed for a 
series connection, and B that for a bridging connec- 
tion. McTntire sleeves, r, are used in the former 
case, and clamps 5 in the latter case. 

Protection. — Pole lines should be protected from 
lightning by placing on every tenth pole a light- 
ning rod comjDOsed of No. 6 galvanized iron wire. 
This should extend at least 12 inches above the 




Fig. 87. — ^Method of Joining Drop Wires to Line Wires in 
Series and Bridging Connections 

pole and be soldered to a ground rod or plate at 
the base. The wire should run perfectly straight 
and be fastened to the pole by galvanized-steel 
staples spaced i foot apart. 

Poles may be protected from the weather and 


at the same time improved in appearance by 
painting them after the line is finished, with two 
coats of lead and linseed oil having a dark olive- 
green color. 

Humming of the wires may be prevented by 
wrapping that portion of them at the insulators with 



Fig. 88. — Device to Prevent Huinminp^ of the Line Wires 


soft rubber rr, Fig. 88, and over this placing a 
covering of sheet lead m. The lie wire s is simi- 
larly treated, and the cushion thus formed for the 
line wire absorbs its vibrations and so does away 
with the humming. 

At curves and corners the line wire at the inner 


end of a cross-arm may, in case it becomes loos- 
ened from its insulator, fall off and, ^ 
by coming in contact with other wires, m 

do considerable damage. To prevent 
the wire from falling, an iron guard- I 
arm should be screwed to the cross- I 
arm so as to catch the wire in case 
of its insulator breaking or its tie wire Fig. 89. — A 

becoming loosened. ' Tl^phonrcS 

Telephone Cables. — ^These arc gen- ble 
orally composed of No. 19 B. & S. gage soft-drawn 
copper wires covered with dry paper and twisted in 
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pdrs, the bunch being encased in a lead sheath 
about i inch thick, as shown in Fig. 89. The pairs 
are twisted to overcome inductance; and to distin- 
guish between the conductors of a pair the insula- 
tion on one of tlicm is usually marked in some pecu- 
liar way. Specifications for dry-paper cables call 



Fio. 90. — Suspension (?fible and Clamyj Fastened to a 
Pole for SupiMJriin^ a Tclcph«)TK* ('nble 

for a capacity between conductors of not over o.o8 
microfarad (sec Appendix) per mile; a conduclivily 
of not less than :jS per cent, lliat of pure coi)pcr; 
an ohmic resistance of not more than 47 ohms 
per mile at a temperature of 60° F.; and an in- 
sulation resistance of each conductor of at least 
500 megohms (sec Appendix) per mile. Cables 


are thus made containing from 5 to 300 pairs of 
conductors in lengths of 800 and 1,000 feet. A 
200-pair cable of No. 19 wires has an outside 
diameter of only about 2J inches. Iron wires are 
never formed into tele])hone cal)les. 

Stringing the Cable is done by first fixing clamps 
«, Fig. 90, to the sides of the poles a short distance 
below the cross-arms. A suspension cable c, usu- 
ally composed of 7 strands of galvanized steel 
wires, is then run from clamp to clamp and bolted 
in place as indicated. The cable and reel as 
received from the manufacturer are next mounted 
at one end of the line, as shown at /«, Fig. 91, and 
by means of a manila-hemp rojie r, Fig. 92, se- 
cured to the free end of the nible and led through 
pulleys a temporarily fastened to the poles just 
below the suspension clamps, and terminating in 
a windlass h mounted at a distance along the line 
from the reel equal to the length of the cable on 
the reel, the cable is pulled in position. An iron 
cap c, h'ig. 93, screwed to the end of the ctilde 
sheath, facilitates the fastening of the pulley rope. 
The windlass is operated by horse-])ower as shown. 
When all the cable on one reel has been strung, 
the process is repealed, the next reel being set up 
at the terminus of the first length. Such a case, is 
illustrated in Fig. 91. 

Cable Hangers are attached to the cable as the 
latter is drawn off the reel, and, as the cable is 
pulled along, the hangers slide over the susi)ension 
cable the end of which is temporarily lowered on 





a level with the reel as in Fig. 91. One form of 
cable hanger is shown in Fig. 94 at a c e. It con- 
sists of a hook and one hemisphere a, a vertical 



Fig. 93. — Convenient Device for Fastening the Pulling 
Rope to the Cable 

extension and hemisphere and a steel ring e. 
The two hemispheres are of galvanized iron; they 
are placed on each side of the cable the ring is 



Fig. 94. — Cable Hanger, and the Tongs Used to Adjust 
It in Position ' 

slipped down over tlie hook, and by means of the 
tongs m the ring is forced into place. » 



Distribution of the wires in a telephone cable is 
most conveniently accomplished, without moisture 
entering the cable core, by means of a terminal 
head. Fig. 95, mounted on a pole as shown at j in 



Fig. 96. The pole thus equipped is called a 
“ distributing ” or “ terminal ” pole. An unusually 
strong pole is selected for this purpose and is placed 
as nearly as possible in the center of a group of 
telephone users. A platform p is usually provided 
on the pole to enable the lineman to work easier 
and quicker. The method of connecting up the 
terminal head is as follows: The lead seal at the 
end of the cable, used to pre- 
vent the entrance of air and 
moisture, is stripped off, 
and the wires are inserted 
through the nozzle w, Fig. 
95, allowing the lead sheath 
of the cable to project with- 
in the box b. The lead 
sheath is then connected to 
the nozzle with a wiped joint 

. . . of solder, and the ends of 

Fig. 06. — Distributing . , , . u 1 

Pole Equipment with a the cable Wires are soldered 

Terminal Head inside terminals c, 

etc. Moisture is driven out of the box by pouring 
in, and then pouring out, paraiBn heated to about 
300°. While the box and wires are still hot, the 
rubber gasket k and cover 0 arc placed on the box 
and screwed tightly in place, leaving the end of 
the cable hermetically sealed. The outside ter- 
minals /, /, etc., of the box arc then connected 
through short cables u and v, Fig. 96, with the 
drop wires //, rf, etc., leading to the telephone 
users’ premises. The dotted lines in Fig. 96 indi- 
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cate the position of the outer iron cover of the ter- 
minal head when pulled down, a runway being 
provided in the platform p to allow the descent 
of the cover. The terminal head affords, inciden- 
tally, a convenient means of altering the arrange- 
ment of the circuits when desired, for all that is 
necessary is to change the cross-connections in the 
box. Protection from lightning and other strong 
currents can also be had by using a terminal head 
fitted with lightning arrester and fuses. 

Pole Steps are usually placed on each cable pole; 
also on all poles more than 50 feet in height, and 
on all pointed poles. They arc made of steel f inch 
in diameter and 10 inches long, turned up at one 
end and provided with a thread at the other end. 
These steps are driven on alternate sides of the 
pole, in line with the cross-arms, and are spaced 
18 inches apart on each side. 

Splicing cables becomes necessary when the line 
is greater in length than that of the cable on one 
reel. Before beginning the process there shoVild 
be provided a pan containing paraffin, a portable 
furnace for heating the paraffin to the boiling- ppint, 
a ladle, a lead pipe somewhat larger than the out- 
side diameter of the cable and about 2 feet long, 
called the “lead sleeve,” and a paper sleeve about 
3 inches long for each joint. First, the paraffin 
should be heated; then the lead sheaths cut back 
12 inches from the ends of the cables to be sjJiced 
and the exposed conductors dipped in the boiling 
paraffin to prevent the paper insulation from 
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Fig. y;. — DiHerent Stages in the Splicing of a Telephone Cable. 

ii8 






untwisting and exposing the wires to moisture. 
The lead sleeve should then be slipped over one 
of the cal)le ends, and about i] inches of the insu- 
lation on each conductor removed, Ihe wires to 
be joined together Ix'ing given the ])ro])er lengths 
so that the dilTen^nt splices will not be bunched 
together at one place, but evenly distributed over 
the 24 inches between sheaths. A j)aper sleeve 
is then slipped over one of every two conductors 
to be joined, as shown at^, Fig. 97, and after the 
wires of each pair in one cable are joined to those 
of each pair in the other cable, the twisted con- 
ductors arc turned down as at the paper sleeves 
slipped over the joints as at C, and by means of 
the ladle hot paraflin is poured over the joints 
as at D until no bubbles appear in the hot liquid. 
The launch of conductors is then wrapped with 
cotton serving, the lead pipe is placed with its 
center over that of the splice, and its ends which 
project over the two cable sheaths are hammered 
down and soldered to them, as at iB, while, the 
splice is still hot. The best flux for this soldering 
is the grease from a tallow candle. 



TESTING TELEPHONE LINE 
WIRES AND CABLES 


Continuity Tests, for determining whether or not 
a line wire or cable wire is broken, are made by 
grounding the wire at one end of the line and with 
a 3-cell battery and buzzer in scries and grounded 
at the other end, touching the remaining terminal 
to the wire undergoing test. If the buzzer operates, 
the wire is continuous; if the buzzer fails to work, 
the wire is broken. 

Testing for Crosses between wires or between 
wires and cable sheath is done by means of a 3-ccll 
battery and telephone receiver. Taking, for ex- 
ample, the case of a cable still upon its reel, the 
connections are made as in Fig. 98. N represents 
the near end and F the far end of the wire being 
tested, B the battery, and T a telephone receiver. 
All the wires of the cable at F are carefully sep- 
arated from each other and from the lead sheath; 
those at N are stripped of their insulation except 
the one under test, and are connected together 
and to the lead sheath by the wire C leading to the 
battery. The tester rapidly taps the free binding 
post of the receiver with the conductor joined to 




Fig. 98. — ^3iIethod of Testing a Telephone Cable for Crosses 


the wire undergoing test. The first tap, and per- 
haps the second, will produce a distinct click 
in the receiver, but if the wire tested is i)erfectly 
insulated no further sound in the receiver will 
follow the laj)|)iiig. If, however, the wire is crossed 
with any other wire in the cable or with the sheath, 
every ta]3 will be followed by a distinct click in 
the receiver. A j)artial connection caused by 



Fin. 99. — A Portable Whcatstonc-Bridge Testing Set 

moisture in the ])a])er insulation will be. indicated 
by faint clicks. In the same manner other wires 
in the cable may be tested, care always being 
taken to see that the exposed ends of the wires 
at F arc separate from each other and from the 
sheath. 

Locating Grounds, Crosses, or Swinging Wires 
can conveniently be done by means of a portable 
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Wheatstone-bridgc testing set, Fig. 99, connected 
as shown in Fig. 100. The troublesome line wire 
is denoted by m, Fig. 100; one end of this wire 
is connected to the Wheatstone bridge B at d, and 
its other end is connected to h cither directly or by 


d in 



means of a perfect conductor n of the same resist- 
ance per unit length as ni. The point y represents 
the location of the trouble, which we will suppose 
to be a leakage to ground. The ratio arms of 
the bridge are denoted by a and b, the adjusta1)le 
resistance arm by r; and the circuit d m n A, con- 
sisting of the defective wire m and the perfect wire 
w, forms the resistance .v. The junction of a and 
h is connected to ground through the key A and 
battery /. By introfJiicing equal resistances in the 
r-arm, a balance is finally obtained; this is indi- 
cated by no deflection in the galvanometer g when 
the keys k and o arc closed. Knowing the value 
of X from the size and lengtli of the wires m and w, 
the resistance«of the wire length A y can be found 
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by substituting the values of x and r in the for- 
x-r 

mula hyz=z . Dividing the value thus found 

2 

for hy hy the resistance per foot or mile of the 
wire gives the distance of the fault from h in feet 
or miles. The portable testing set, Fig. 99, con- 
tains, in addition to the Wheatstone bridge B, the 
galvanometer the battery, and the keys o and 
k as indicated. 

For locating crossed or swinging conductors, 
one of the defective wires must be grounded, and 
the other joined by means of a perfect wire to the 
points d and h of the bridge as in the previous case. 
This test is also conducted like the preceding one. 
If the crossed or swinging conductors make good 
contact with each other, the location of the cross 
can be found by measuring the resistance of the 



dividing the result thus obtained by twice their 
resistance per unit length. For this test the battery 
/ and key k are connected from the junction of a 
•and hy Fig. 100, to h instead of to ground. The 
values of a and b in this case may be made re- 
spectively 10 ohms and 100 ohms, for greater 
accuracy. 

Testing Out the Separate Pairs of a Cable re- 
quires two men, one at each end of the cable, 
provided with a battery, electric bell or buzzer, 
and a portable telephone set. A wjrc at one end 
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of the cable is first connected through the buzzer 
to ground. At the other end of the cable the 
battery and buzzer are joined in scries, and one 
terminal of the connection is grounded while the 
other terminal is scraped over the bared con- 
ductors. When contact is made with the con- 
ductor previously grounded at the further end of 
the cable, both buzzers will oj)erate. This con- 



Fig. ioi. — A Portable Telephone Ret for Line Testing 


ductor, together with its mate which is easily 
distinguished on account of being twisted with 
it, afford a complete metallic circuit through the 
cable. If the ])orlalffc telephone sets be now con- 
nected to this circuit and the test continued as 
before, the Sv,parate pairs can be tested and num- 
bered with but little trouble. 

An Acme telephone set adaptable for line test- 
ing is shown in Fig. loi. The working parts arc 
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completely inclosed within the box a when not in 
use, even the receiver r and the crank c of the 
magneto generator being thus housed. By means 
of the strap s the set can easily be carried from 
place to place, connection being made to the line 
at the binding posts m and n. 
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WIRING AND OPERATION OF 
SPECIAL TELEPHONE 
SYSTEMS 


Party-Line Systems.— In these, two or more 
telephone stations are connected to one line, and 
where a central office or exchange is provided, the 
line is connected to one set of switchboard ter- 
minals. If there is no exchange the system is 
operated by the parties who use it. Party-lines 
have been devised to reduce cost of installation 
and operation over that necessary when each tele- 
phone station is connected to a separate line cir- 
cuit. They may be divided into series parly-line 
systems and bridging party-line systems. Al- 
though the regular wiring for both these cases 
has already been illustrated and described under 
Series Connections and Bridging Connections of 
telephone instruments, there arc several modifi- 
cations of these which have proved adequate in 
meeting special requirements and merit consider- 
ation here. Details regarding size of wire, etc., 
follow the instructions previously given. 

Series Aurty-Line Systems. — ^The simplest of 
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these systems is shown in Fig. 102. Magnet 
telephones are used for transmitting instead of 
the usual carbon transmitters, and batteries are 
employed instead of magneto generators. In each 
of the 3 stations shown, / represents the trans- 
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Fig. 102 . — ^The Simplest Form of Series Party-Line 
System 


mitter, r the receiver, h the hook switch, h the 
battery, v the battery bell or buzzer, and .va switch. 
When a station is not in use the receiver hangs on 
the hook switch, causing the latter to connect 
the line with the lower contact c, and as the switch 
s is normally held against the upper contact a by 
a spring, the bell circuit is closed. When a signal 
is to be sent, the receiver is removed from the hook 
switch and the switch 5 pressed down upon the 
lower contact ii; the current from the battery in 
that station then rings the bells in the other sta- 
tions and, according to the number of rings, signals 
the desired party. Conversation is then carried 
on as usual, one of the magnet telephones being 
used as the transmitter and the other as the re- 
ceiver. The extreme simplicity of this arrange- 
ment is accompanied by little cost and trouble 
for apparatus and wiring, but the* system is 




practicable only over distances of a few hun- 
dred feet. 

Carbon Transmitters Without Induction Coiis 

can be used in series party-line systems as shown 
in Fig. 103. The same lettering is employed as 
in Fig. 102 for corresponding parts, so the different 
apparatus will be easily recognized. It will be 
noted an extra battery x serves in the two end 
stations for operating the transmitters. This sys- 
tem like the preceding one is practicable only 
over short distances. It is convenient in that it 
does not require the use of induction coils and 
magneto generators. 

Ringing Current Supplied by Battery which fur- 
nishes the talking current, instead of by a magneto 
generator, is a feature of some series party-line 
systems. The wiring for a three-parly-linc system 
of this kind is shown in Fig. 104. Each station is 



Fig. 103.— Series Party-Lino System Using Carbon 
Transmitters without Induction Coils 


wired the same, and when not in use the receiver 
hook h is down and the switch s is up, leaving the 
battery bells in circuit. In systems where battery 
bells are used in series, of which the present one 
is an example, the vibrations must be short-cir- 
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cuitcd in all bells but one. When a signal is to 
be sent, the switch s is pressed down, the receiver 
being left on the hook, and the battery at that 
station causes all the bells to ring. Upon remov- 
ing the receiver from the hook switch, the latter 
flies up, connecting the same battery in series with 



STATION 1 STATION 2 


Fig. 104. — Series Party-Line System in which Both 
Ringing Current and Talking Current arc Obtained from 
One Battery at Each Station 

the transmitter / and primary winding p of the 
induction coil as in Station 3. The secondary 
winding c of the induction coil and the receiver r 
are then in connection with the line as shown, 
while the switch s and bell b are disconnected. It 
is obvious that in this system the talking current 
must, flow through the bells of those stations not 
in use in order to reach its destination. The 
batteries should be connected as indicated, so that 
in case two or more signaling switches are de- 
pressed simultaneously, the batteries will agree in 
polarity. 

Bridging Party-Line Systems. — These systems 
when wired other than according to the regular 
Bridging Connections previously given are arranged 
for selective signaling. By “ selective signaling ” 
is meant that the bell in any one station.Qf a party- 
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line system can be rung without ringing the others. 
Bridging party-line systems thus fitted are generally 
connected to a central office or exchange where a 
switchboard and operator are provided to connect 
the station of the party signaling with the station 
of the party desired; in other words, systems of 
this kind arc used where the number of stations 
and their importance are such as to warrant a 
comparatively high grade of service. 

A Two-Party-Line Selective System wired on 
the bridging plan is shown in Fig. 105. Suppose 
a party on some other circuit entering the ex- 
change has signaled the operator that he desires 
a connection with Station i shown in the diagram. 
The operator first pushes her master-key to the 
left so that it makes contact with the left-hand 
stop. When the plug is inserted in the jack con- 
nected to the desired line and the ringing key is 
closed, current from the magneto generator will 
pass out on the “sleeve” side of the line down 
through binding post 5 in Station i, through* its 
magneto bell, and by binding post G to ground 
and back to the grounded generator in the ex- 
change. This current will ring the bell in Station 
I because this bell is connected between 5 and G; 
it will not, however, ring the bell in Station 2 
although the bell there is similarly connected be- 
tween 5 and G, because the binding post 5 is 
joined to the “ lip ” side of the line instead of the 
“ sleeve ” side. 

If the operator be requested to signal Station 
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Fig- 105. — Bridging Two-Party-Line System Arranged for Selective Signaling 




2 she would push the master-key to the right- 
hand contact and proceed as before, whereupon 
the ringing current would pass out on the “ tip ” 
side of the line and ring the bell in Station 2. 
The bell in Station i would not be affected 
for the reason previously given. Having raised 
the desired party the operator would connect the 
switchboard terminals of his line circuit with those 
of the calling party, thereby enabling them to 
converse with each other. By means of a low- 
resistance magnet drop connected across the line 
at the switchboard and cut out of circuit when 
the plug is inserted in the jack, either of the par- 
ties at Stations i or 2 can signal the operator with 
the bridging magneto generator in their telephone 
set without disturbing the other. The bells at 
the stations are wound to a resistance of 1,000 
ohms. 

The principle of the selective system just de- 
scribed can advantageously be employed when 
there arc any number of parties connected to a 
line. By having one-half of them connected with 
their bells between the “ tip ’’ side of the line and 
ground, and the remainder with their bells between 
the “sleeve” side of the line and ground, only 
half of the parties connected, instead of all of them, 
will be disturbed when signaled. 

A Four-Party-Line Selective System wired on the 
bridging plan is shown in Fig. 106. This is a fur- 
ther development of the system in Fig. 105, employ- 
ing positive and negative pulsating current to actu- 
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ate bells of similar and opposite polarity. Each bell 
is wound to a resistance of 2,500 ohms and is fitted 
with a biased spring to hold the armature against 
one of the pole faces, thus making it sensitive to 
one polarity of current, but not to current of the 
opposite polarity, the wrong polarity simply caus- 
ing the armature to be attracted in the same di- 
rection as that produced by the tension of the 
biased spring. This feature, together with the 
connections of alternate bells to the “tip” and 
“ sleeve ” sides of the line as in Fig. 105, enables 
any one of the 4 stations, A, B, C, and D, Fig. 
106, to be signaled without ringing the bells in 
the remaining stations. The terminals of each 
telephone set are joined to the lines wires and 
ground in the same manner, but the leads from 
the bells to the terminals are connected differently 
as shown, to bring about the results described. 
The line wires terminate at the exchange switch- 
board in a low-resistance magnet drop, as in the 
preceding case, so that a party signaling the»ex- 
change does so without ringing the bells in the tele- 
phone sets. 

The wiring in the exchange for a party-line cir- 
cuit of this kind is shown at the left of Fig. 106, 
and includes, besides that for the' line drop, jack, 
and plug, the connections of the generators giving 
the positive and negative pulsating current, in 
addition to the alternating current used for regu- 
lar ringing, and of the generator switch, special 
selecting key, and regular ringing key. In calling 



a party the operator first sets the special selecting 
key to correspond to the station desired, pressing 
it perhaps as indicated by the dotted lines so as 
to make contact between the proper springs; after 
inserting the calling plug in the line jack, she de- 
presses the regular ringing key into its dotted posi- 
tion, thereby allowing the ringing current to flow 
through the signaling circuit. When the special 
selecting key is in its upright or normal position, 
alternating current is available, but when pressed 
to the right or left, places positive or negative pul- 
sating current at the disposal of the operator. 

Intercommunicating Systems. — In these, 3 or 
more, usually not over 15, stations in the .same or 
adjacent buildings arc connected together, so that 
a party at one of them can call up and converse 
with a party at any other without the use of an 
exchange switchboard and operator, but with 
mere privacy and as satisfactory selective signal- 
ing as supplied by the best of such systems; also 
at ^ comparatively small cost of operation. At 
each station there must be at lea.sl one wire to 
every other station and a common return wire 
which runs through all the stations. If . battery 
bells and one common ringing l)attery arc used, 
there must be at lejist two more wires than there 
arc stations. No. t8 B. 8l S. gage rubber- covered 
copper wires arc preferably used; for connecting 
the stations together these wires may be formed 
into a cable, if desired, and covered with friction 
tape. 
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A Common Form of intercommunicating system 
is shown in Fig. 107. Four stations, i, 2, 3, and 
4, each fitted with scries polarized bells, magneto 
generators, and the usual talking instruments, are 
there indicated connected together by the four wires 
I, 2, 3, and 4 and the common return wire r. At 
each station there is a switch s, the contact points 
of which are joined to the wires connecting the 
stations. With the contact arm of each switch 
on the contact point corresponding to its station, 
a party at any station can signal any other station 
by moving his switch arm to the contact point 
corresponding to the station desired and turning 
his generator handle; this action will ring the 
bells only at the station called and the station 
calling, and the talking current will likewise pass 
only through these two stations. In the diagram 
the ^switch at Station i is set for signaling Station 
4. Each of the telephone sets in this system has the 
same interior wiring, and the number of wires 
between the stations is one in excess of the num- 
ber of stations connected. Although only four sta- 
tions are shown in Fig. 107, any number desired 
may be connected by developing the plan along the 
lines indicated. In order that an instrument in 
this system be in circuit for receiving a call it is 
necessary that its switch arm be on the contact 
point corresponding to its own station; this ne- 
cessitates that each party after making a call re- 
turns the switch arm to its original position after 
his conversation is finished. 
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An Improved Form of intercommunicating sys- 
tem is that in which a station can be called even 


STATION l STATION a STATIONS STATION 4 



Fig. 107. — Intercommiinicating System Fitted with 
Magneto Generators and Polarized Bells 


though its switch arm is not on the proper contact 
point; the wiring for such a system is shown in 
Fig. 108. The telephone sets contain the same 



Fig. to8. — Method of Wiring an Intercoinmunicating 
System so that a Station can 1x5 Called Regardless of the 
Position of Its Contact Arm 


apparatus as in the preceding case, connected up in 
the same way. One terminal of each set, however, 
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is wired both to the switch arm s and to the con- 
necting wire corresponding to that station, while 
the remaining terminal is joined to the common 
return wire r. Each station has its contact point 
mounted at the extreme left of the row, but is not 
connected in circuit; this point is intended to be 
covered by the switch arm after a conversation is 
finished, but as will be seen by referring to the 
diagram a station can be called while its switch 
arm is on any of the contact points. In Fig. io8 
the switch at Station 2 is set for signaling Station 
I. Supposing this switch was left in the position 
shown. Station 2 could be signaled by any one 
of the other stations; if, however, cither Station 
3 or 4 signaled Station i, the bells in both Stations 
I and 2 would ring. Although this would be some- 
what annoying to the party in Station 2, it would, 
nevertheless, be due to his own carelessness in not 
having his switch arm in its proper position. 

A Battery and Battery Bells can be used in place 
of magneto generators and bells on intercommu- 
nicating systems if wired as in Fig. 109. The con- 
nections shown permit any station to signal any 
other station regardless of the position in which 
the switch arm at the station called has been left. 
Although but 3 stations arc shown, any number of 
them can be connected, the number of connecting 
wires required being 2 in excess of the number of 
stations. Each station contains the same appara- 
tus wired in the same manner, the transmitter 
battery b bqjng retained as in the preceding cases. 



The signaling batteiy t serves for the entire sys- 
tem and is connected between the battery wire a 
and the common return wire c at any convenient 
part of the system. The batteiy bell e at each 
station is permanently connected to the contact 
point corresponding to its station, and the pivot 
of the switch arm s is wired to the push switch k 
in each case. The connections shown enable only 
the bell at the station called to ring; the bell in 
the calling station not being in circuit will not ring. 
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Although it is usually advisable to have both these 
bells operate in order that the party signaling may 
know his signal has bc‘en transmitted, it is not 
practicable to do so in this case. 

An Exchange Communicating S3rstem can be 
had by wiring the stations as in Fig. no. The 
central or exchange Station C is the only one that 
can be signaled from the other stations, but from 
this station any of the others can be signaled. 
The wires m and n connect with each of the sta- 
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tions as shown, and from C there is a wire w to 
each of the other stations. A party at Station 
A or B signals Station C by closing the switch s; 
this closes the circuit containing the battery b 
and battery bell t in Station C and rmscs the party 
there. From Station C either of the other stations 
can be signaled independently by placing the 
switch arm v on the contact point corresponding 
to the station desired and closing the switch e. 



Fig. iio. — Connections for an Exchange Communicating 
. System 


Station C can be signaled regardless of the position 
in which the switch arm v is left. It will be noted 
that no induction coils are used in this system and 
that the battery h in Station C furnishes current 
for both signaling and talking purposes. 

Automatic Intercommunicating S3rstems arc 
those in which the switch arm at each station is 
returned automatically to its normal calling posi- 
tion after a conversation is finished. The Ness 
system controlled by the Holtzcr-Cabot Company 
is of this kind, and a telephone wall set fitted with 



this automatic attachment is shown in Fig. iii; 
it can be connected to operate according to any of 
the intercommunicating methods previously de- 
scribed. The party using it moves the switch arm 
5 to the contact point corresponding to the station 
desired, and when through returns the receiver 



Fig. Ill . — Wall Set Fitted with Automatic Intercom- 
municating Attachment 

to the hook switch h. The motion of the hook 
switch when the receiver is hung upon it actuates 
the mechanism for restoring the switch arm to its 
normal calling position shown in Fig. in. 

This mechanism, Fig. 112, consists of a dog d, 
pivoted on the short arm of the hook switch h, 
which projects into a notch on a paivl p and lifts 


the latter out of engagement with a ratchet wheel 
w when the switch hook is pulled down. The 
ratchet wheel w and the contact arm s being 
mounted on the same shaft with a spiral spring, 
the action just noted permits the spring to return 



Fig. h2. — Details of the Automatic Attachment in the 
Wall Set Shown in Fig. rii 

the contact arm to its normal position. After the 
pawl p has been raised to a certain point, the dog 
slips out of the notch on it, permitting the pawl 
again to come in contact with the ratchet •wheel 
w and be ready for the next use of the telephone. 
To prevent the pawl from engaging with the ratchet 
wheel before the contact arm s has reached its final 
position, the second dog g is provided; this is 
pressed by a spring so as to project under the pin 
ife, carried on the pawl and holds p away from 
the ratchet wheel until s has traveled to its normal 
position. Then a cam on the ratchet wheel forces 
the dog g away from the pin k and allows the pawl 
to drop into position. 
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The Private Branch Exchange. — This is a small 
central office cliflering from the main telephone 
exchange only in being smaller. It is intended 
to relieve the latter from calls not extending out- 
side the building in which it is located, and to 
effect a saving in the amount of wire required for 
an installatioil. Instead of each station in a build- 
ing being connected with the main telephone ex- 
change, it would in the present case be onnccted 
with the private branch switchboard, and those 
calls not extending outside the building would be 
handled on this board entirely irrespective of the 
main exchange. By means of a few trunk lines 
running from the branch switchboard to the main 
switchboard, calls to parties outside the building 
can be f)ut through by operators stationed at these 
boards. The use of a few trunk lines and short 
connecting wires to the different telephone sets, 
instead of individual wires extending the entire 
distance between the telephones and the main ex- 
change, effects a considerable saving in copper. 
This kind of installation is especially adapted and 
widely used in office buildings, hotels, and factories. 
Owing to the similarity between a private branch 
exchange and a small central exchange such as 
will next be considered, no separate description 
and discussion of the former will be necessary. 

A Small Central Exchange. — By a small central 
exchange is here meant one whose capacity does 
not exceed 200 stations. The line conductors 
leading into such an exchange may be either open 
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wires or cables, and as a rule complete metallic 
circuits must be provided for. 

Protection to the exchange apparatus is usually 
similar to that afforded the telephone set in the 
user’s premises. This, it will be remembered, 
comprises a fuse, a heat coil, and a carbon light- 
ning arrester for each side of the line. A terminal 
head like that shown in Fig. 95, but fitted with 
fuses for each line wire serves well for protection 
from abnormal currents if utilized on the last pole 
of the line, while on the main distributing board 
in the exchange may be mounted the carbon light- 
ning arresters and the heat coils for intercepting 
sneak currents. The main distributing board’s 
chief function, however, is to provide fixed termi- 
nals for the line conductors and fixed terminals 
for the wires running to the exchange switchboard, 
so that these two sections of wiring will be entirely 
independent of each other and cither one can be 
changed without necessitating a change in the other. 
It is then possible to shift any outside circait to 
any switchboard circuit by simply changing the 
“jumper” wires connecting them together. 

To facilitate this work, the terminals are num- 
bered as in the distributing board shown in Fig. 
1 13. In the case of open wire lines the terminals 
are numbered to correspond to the insulator pins 
carrying the conductors connected to the termi- 
nals. The pins in a complete metallic installation 
arc numbered as follows: standing with the back 
to the exchange and facing the direction of the 



pole line, the two points at the extreme left of the 
top cross-arm are each No. i, the next two pins No. 
2, and so on toward the right, continuing with the 
left-hand pins on the second cross-arm in the same 
manner. The distribution board. Fig. 113, is of 
hard w'ood, fitted with fuses 5 and carbon light- 
ning arresters a, but carries no heat coils. It is, 
however, fitted at c for plug tests whereby grounds, 
short circuits, crossed wires and open lines may 
be determined. A testing wire is readily plugged 
in on any circuit as shown at w. The board is 
mounted on the wall or any flat surface near the 
switchboard, and is connected with the switchboard 



Fig. 1 13. — Distributing Board Fitted with Protective 
Apparatus and Test Plugs 

apparatus by No. 22 B. & S. gage copper wires, 
tinned and formed into cables of 26 pairs each. 
The wires are each covered with a layer of silk 
and a layer* of cotton thread placed one above 
the other. The cotton thread on one conductor 
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of a pair is white and on its mate is colorwl, so 
as to distinguish tlie one from the other. After 
being paraffined, the insulated conductors arc bound 



Fig. 1 14. — Tcle])hone Switchboard for a Small Exchange 


together with cotton braid saturated in powdered 
soapstone and painted to exclude moisture. 

The Ezchimge Switchboard for loo-linc circuits 
or stations is shown in Fig. 114. It consists of 
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the following parts: the line drops a a, i for 
each line circuit, by means of which the switch- 
board operator is signaled; the clearing-out drops 
c Cj 1 for each of the lo operator’s circuits provided, 
by means of which the operator is notified when a 
convcrsatioit between tw'o parties connected through 
the board is finished ; the spring jacks e e, which arc 
numbered to correspond to the line drops to which 
they are wired and are connected one to each line 
circuit; the plugs 5. v, which, being the terminals 
of the operator’s lo circuits, arc therefore 20 in 
number and which when inserted in the jacks 
connect together the line circuits wired to them; 
the ringing and listening keys k k, 1 for each of the 
operator’s 10 circuits, and which when depressed 
forward connect the magneto generator at g with the 
station plugged, for signaling the parly there, and 
when depressed backward connect the operator’s 
receiver r in circuit for enabling her to determine 
from the signaling party the station desired and 
to listen in on the conversation and learn if the 
proper parlies are connected ; and the operator’s 
transmitter /, which is adjustable as to height, for 
enabling the operator to speak with the parties 
connected, when necessary. Telephone switch- 
boards up to 200 stations capacity are built along 
the same lines as the one in Fig. 1 14. 

Each Line Circuit terminates in the switchboard 
as shown in Fig. 115, / and / being the line wires, 
d the distributing board, S the spring jack, and 
A the line drop. One side of the line circuit is 
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connected directly with the brass strip r of the spring 
jack, which terminates in a curved end. The 
other side of the line circuit is joined to the brass 
spring ft, the end of which is also curved as shown. 
The spring ft has a contact point which, when in 
its normal position, presses against the spring g, 
and r is similarly connected to the spring /. The 
line drop A is joined in circuit by wires connect- 
ing its magnet winding to the springs / and g. 

A party desiring a connection with some other 
party signals the switchboard operator at the cen- 

_t 
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Fig. 1 1 5. — Each Lino Circuit Tcrniinatcs in the ILKchanj^fc 
Switchboard as here Shown 

tral exchange by operating his magneto generator; 
this sends a current through the magnet winding 
of the line drop A connected to his circuit at the 
switchboard, and, by attracting the armature «, 
releases a catch which permits the shutter 0 to drop. 
The swinging down of the shutter attracts the op- 
erator’s attention and reveals to her the number of 
the calling party previously hidden by the shutter. 

The Operator’s Circuit on the switchboard is 
shown in Fig. 1 16. The two plugs m n anfl r v have 
their tips m and r electrically connected to the re- 
spective springs 5 and i of the ringing keys R and 
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/?', and Iheir sleeves n and v, which are insulated 
from their lips, are connected respectively to the 
springs e and c. The inner contacts of the springs 
of one ringing key arc connected to the inner con- 
tacts of the springs of the other ringing key, and 
between the wires leading from the outer contacts 
of both keys is connected the magneto generator 
g. At the points d and fc, in the circuit joining 



Fig. 1 1 6 . — ^Wiring of the Operator’s Chxmit on an Ex- 
• change Switchboard 

the ringing keys, wires run to the outer contacts 
of the key L, called the operator’s listening key, 
and between these wires is the clearing-out drop b. 
The springs of the key L are connected with the 
operator’s receiver o and secondary winding j of 
an induction coil, the primary winding I of which 
is in circuit with the . battery y and operator’s 
transmittpr p. In the switchboard there is but i 
primary circuit ly p, i secondary circuit o j, and 
I magneto generator g, but the rest of the appara- 




tus and wiring in Fig. ii6 is repeated for each 
operator’s circuit; in the switchboard, Fig. 114, 
there are, as previously noted, 10 operator’s circuits, 
enabling 20 different parties to be connected in 
pairs simultaneously. 

A party having signaled the operator as abready 
described, the first duty of the operator is to find 
from him the number of the party desired. This 
the operator does by inserting the plug m n, called 
the answering plug, into the calling party’s jack 
S, Fig. 115. As all the jacks and line drops are 
numbered, those connected to the party’s tele- 
phone bearing the same number as his line circuit 
and telephone set, it is an easy matter for the 
operator to select the proper jack in which to insert 
her plug. When inserted and pushed in, the tip 
m of the plug makes contact with the curved part 
of the spring r, and the sleeve « makes contact 
with the curved part of the spring b. As the springs 
f and b are forced outward by the plug they sep- 
arate from the springs / and g and thus cut*out 
of circuit the line drop A. The operator next 
closes her listening key L, Fig. 116, so that its 
springs touch the outer contacts; this brings her 
telephone in circuit with the calling party’s line 
and enables her to learn from him the number of 
the party with whom he desires to speak. 

Having been informed of the desired number, 
the operator introduces her plug rv, called the 
answering plug, into the jack containing the num- 
ber asked for, and closes the ringing key R'. 



When this key is closed and the magneto generator 
g put into operation, current from the generator 
passes over the line and rings the bell in the de- 
sired party’s telephone set, attracting his attention. 
No current will flow elsewhere because the inner 
contacts of the ringing key R' arc opened when 
this key. is closed. The party signaled, upon an- 
swering, finds himself in connection with the party 
who desires to talk with him. As soon as the con- 
versation has been started, the operator opens her 
listening key L so as to leave her telephone cir- 
cuit free for answering other calls. When the 
parties connected have finished their conversation, 
they hang up their receivers and give the handles 
of their magneto generators a few turns; this gen- 
erates the current required to actuate the clearing- 
out drop 6, which, when its shutter falls, acts as a 
signal to the operator that the parties have fin- 
ished talking. When the operator receives this 
“ ring off” signal, she withdraws the plugs m n and 
r V Jrom the jacks in which they were placed. 

In the diagram. Fig. ii6, it will be noted two 
ringing keys R and R' are indicated, but that only 
R' was used in the foregoing procedure. The ring- 
ing key R is needed only when the plug mn is used 
as the answering plug and rv as the calling plug, 
instead of vice versa. As it is not convenient 
always to use the same plug for the same purpose, 
the ringing key R is often dispensed with and the 
listening key L and the ringing key R' combined 
into one as in the switchboard, Fig. 114. 
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A Combination Ringing and Listening Key as 

made by the International Telephone Manufac- 
turing Company is shown in Fig. 117. The han- 
dle is all that projects above the switchboard 
shelf s, the springs, etc., being mounted below. 
The one set of springs form the ringing contacts, 
and the other set the listening contacts. Pressing 
the handle forward or backward closes the one set 
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Fig. 117. — Combination Ringing and Listening 

of springs or the other by reason of the insulated 
knob a or c forcing them together on each side. 

Spring Jacks and Plugs as made by the Central 
Electric Company are shown respectively in Figs. 
1 18 and 119. It is readily seen that, when the 
tip m of the plug is inserted through the hole in 
the part n of the jack and comes in contact with 
the spring r , how the sleeve s of the plug comes in 
contact with ^e spring b; how, when the plug is 
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Fig. ii8. — A Spring Jack 


hard rubber at z and connected in circuit by the 
braided twin conductor cable 1 ; and how by screw- 
ing the part n in or out of the jack it can be adjusted 



Fig. 1 19. — ^Answering or Calling Plug 


to act as a stop for the plug so that the plug will 
make the proper connections when pushed in as » 
far as it will go. 

•Fig. 120 shows the interior construction of the 



plug. The protecting fiber cylinder «, Fig. 119, 
has been removed by taking out the screw w. The 
threads at i are for holding the cable in the plug 




and thus relieving the strain on the conductors, 
by being screwed into the braid. One of the cable 
conductors is screwed directly to the outer brass 
cylinder and is therefore in electrical connection 
with the sleeve of the plug; the other conductor 
is fastened by means of the screw v to the inner 
part 0 of the plug, which is entirely insulated from 
the outer brass cylinder by hard rubber y and 
extends through the sleeve, terminating in the tip m. 



Fig. 121. — Line Drop 


Line Drops and clearing-out drops are not con- 
structed alike. The former, being cut out when 
the operator introduces her plug, is not in circuit 
when the line is in use, and may therefore be 
wound to a comparatively low resistance. A line 
drop has 2 magnet cores, the windings on which 
have a total resistance of about 80 ohms, arc wound 
in opposite directions on the 2 cores, and are con- 
nected in series. One of these line drops is shown 
in Fig. 1 2 1. ^When current passes through th^ 
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magnet coils m and », the armature c is attracted 
and raises the catch a attached to it, both c and a 
bdng in one piece pivoted at v. This upward 
movement of a releases the shutter s, which swings 
down, exposing the calling party’s number. 

Unless the switchboard is equipped with self- 
restoring drops, the operator will be obliged to 
replace the shutter by hand after it has fallen. 
With self-restoring drops, however, the act of 
introducing the plug into the jack mechanically 
restores the shutter. In this case the drops and 



Fio. 132 . — Self-Restoring Drop 


jacks are mounted together, each jack beneath 
its corresponding drop, as in the Central Electric 
self-restoring drop. Fig. 122. When the plug is 
inserted in the jack /, the lever at m is actuated 
and mechanically restores the shutter s to its nor- 
mal position. 

The Clearing-Out Drops arc in circuit whenever 
the lines across which they are wired are in use. 
In order that no more current than necessary 
flows through the magnet coil of the clearing-out 
drop, this coil is wound to a high resistance, about 
500 ohms. Unlike the line drop, there is but one 
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central core and one magnet coil. As the clearing- 
out drops are mounted side by side, and each of 
them is connected to a separate circuit several of 
which may have currents in them at the same time, 
cross talk is liable to arise owing to the current in 



Fig. 123. — Clearing-Out Drop 


one drop inducing a current in the adjoining drop. 
To prevent this, a cylindrical iron shield must 
inclose the magnet coil as at ni, Fig. 123 : this serves 
to collect the lines of force within itself and thus 
prevents them from passing beyond. In other 
respects the clearing-out drop is constructed simi- 
larly to the line drop already described. » 

The Switchboard Wiring is done chiefly with 
the No. 22 11 . & S. gage. cop]K“r wires contained 
in the cables leading from the distributing board. 
Short lengths of similar cable arc also used. The 
cable from the distributing board is carried up 
one side of the back of the switchboard, fastened 
in place by leather straps, and at each row of jacks, 
commencing at the bottom row, enough wires arc 
bent horizontal and fanned out to ‘connect with 
each jacktn that row, to which they arc soldered. 
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A separate cable is then used in the same manner 
on the opposite back side of the board to connect 
the jacks with their corresponding line drops above. 
A third cable is similarly employed to wire the 
clearing-out drops to the operator’s circuits, and 
twin conductors join together the operator’s trans- 
mitter, induction coil, battery, receiver, and listen- 
ing keys. 

Flexible wire cords, each containing a pair of 
tinsel conductors separately insulated with silk 
and cotton coverings and bound together with 
cotton braid as in Fig. 124, which shows an Acme 



Fig. 124. — Flexible Switchboard Cord for Wiring the 
Plugs in Circuit 

switchboard cord, connect the plugs in circuit. 
The cords arc held in place below the plug shelf 
/, Fig. 125, by weights w, each carrying a pulley 
p arolind which passes the cord c. When the 
plugs are inserted in the jacks j to connect with 
the different line circuits, the weights on the cords 
keep the cords taut and thus prevent them from 
becoming tangled. The connections between the 
plug cords and the conductors leading to the ring- 
ing keys r are made on the cord shelf s, which 
extends across the rear of the board somewhat 
below the level of the plug shelf. Hereon are 
screwed brass? strips a, etc., having holes in their 

ends. In the lower holes at one end aie inserted 
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the plug cords c, etc., the ends of which are wrapped 
with brass wire wound spirally. These are bent 
around in the form of a hook and returned through 
the upper holes. The wires from the ringing keys 

arc passed through the r- 7 

holes in the opposite | ^ 


ends of the strips and 
soldered permanently 
in place. The opera- 
tor’s transmitter / is 
connected in circuit by 
the flexible wdre cord 
fy which, by aid of the 
weight iy balances the 
transmitter and en- 
ables it to be adjusted 
as to height. The rel- 
ative positions of the 
line drops and clearing - 
out dibps are shown at 
I and 0 respectively. 

The Useful Life of 
the Switchboard is 
about 20 years. Dur- 
ing this time it will 





of an Exchange Switchboard, 
require occasional re- Showing the Relative Posi- 
. .. 1 1 tions of the Apparatus on It 

pairs, particularly on 

the cords and plugs, and perhaps a drop will burn 
out now and then, necessitating a new one. 

Telephone Exchange Service should be sup- 
plied under a definite form of contract. This latter 
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may take tke form of a ftat-iate contract in which 
the party supplied agrees to pay a fixed sum per 
year for unlimited telephone service. Another 
form is the message-rate contract in which a party 
agrees to pay for a certain number of messages 
sent per year. If this number is not reached he 
is allowed a rebate, but if the number is exceeded 
he is charged a fixed sum per message in addition 
to his contract price. Still another form is the 
pay-station contract often made with shop- and 
hotel-keepers. In this, a telephone set is installed 
for public use, and the party in whose place of 
business it is located is allowed a percentage of 
all calls above a certain number sent over his line, 
he collecting from the public the usual charge per 
call. In message-rate and pay-station contracts 
the operator at the exchange must keep account 
of the number of such calls sent in and the stations 
to be charp:cd with them. 
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APPENDIX 


The Ohm is the unit of resistance, and is equal 
to the resistance of a column of pure mercury 
106.3 centimeters (i centimeter = 0.3937 inch) in 
height and o.oi square centimeter in cross-section. 

The. Ampere is the unit of current, and is equal to 
the current which, when passed through a stand- 
ard solution of nitrate of silver in water, deposits 
silver at the rate of 0.001 1 18 gram per second 
(i gram is the weight of i cubic centimeter of water 
at 39.2® F.). 

t 

The Volt is the unit of electromotive force, and 
is the pressure which will force a current of i 
ampere through a resistance of i ohm. 

The Watt is the unit of electrical power, and is 
the amount of power expended in a circuit in which 
a current of one ampere is maintained by an elec- 
tromotive force of I volt. 
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The Coulomb is the unit quantity of electricity, 
and is the quantity transferred by a current of 
I ampere in i second. 

The Farad is the unit of electrostatic capacity, 
and is the capacity that will contain i coulomb of 
electricity at a pressure of i volt. 

The Microfarad is equal to one-millionth of a 
farad. 

The Megohm is equal to 1,000,000 ohms. 

Ohm’s Law states that the current in amperes 
flowing through a circuit equals the pressure in volts 
across the circuit, divided by the resistance of the 
circuit in ohms. Two important deductions from 
Ohm’s law are: The electromotive force in volts 
across a circuit equals the current strength in am- 
peres* multiplied by the resistance of the circuit 
in ohms. The resistance of a circuit in ohms 
equals the electromotive force in volts across it, 
divided by the current in amperes. 
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Table of Dimensions of Copper Wire 


j 5 * 

cScQ 

Diam. 

Mils** 

Area 

Circular 

Milst 

Bare Wire 

Underwriters’ 

Wire 

Pounds 

looSILt 

Pounds 

Feet 

per 

Pound 

Pounds 

1000 Feet 

Pounds 

£me 

♦J 

hSg 

8 

128.490 

16509.7 

49.99 

263 . 96 

20.00 

69 

301 

14. 5 

9 

114.430 

13094.3 

3965 

209.3s 

25 . 22 




10 

lOZ . 890 

10381 .6 

31-44 

165.98 

31.81 

so 

264 

20.0 

1 1 

90.74a 

8234. 11 

24.93 

131.6s 

40.11 




12 

80 . 808 

6529.94 

19.77 

104.40 

SO . s8 

31 

164 

32.0 

13 

71.961 

5178.39 

15.68 

82 . 792 

63 . 78 




14 

64.084 

4106.76 

12.44 

65.658 

80.42 

22 

116 

45.0 

IS 

57.068 

3256.76 

9.86 

52.069 

lOZ . 40 




16 

50.820 

2582 . 67 

7.82 

41.292 

127.87 

14 

74 

70.0 

17 

45 -257 

2048.20 

6.20 

32.746 

I6I . 24 




18 

40.503 

1624.33 

4.92 

25.970 

203 . 3 1 

11 

58 

90.0 

19 

35.890 

1288.09 

3.90 

20.594 

256.39 




20 

31.961 

1021.44 

3 09 

16.331 

323.32 




21 

28.462 

810.09 

2.45 

12.952 

407.67 




22 

25 . 347 

642.47 

1.9s 

10.272 

514.03 





is the abbreviation for Brown and Sharp 
— the name of the standard wire gage in this 
country. 


* * A Mil equals one- thousandth of an inch. 


fA Circular Mil is the unit of area when consider- 
ing the cross-section of a wire; it is the area of a 
circle whose diameter is one mil, and is, therefore, 
equal to 0.000000785 square inch. 





Table of Carrying Capacities and Resistances of 
Copper Wire 



Safe Carrying 
Capacities 
(C ur. in Amps.) 

Resistances at 7$** f. (23.9 

® C.)t 

m 

Con- 

cealed 

JPP?" 

Ohms per 

Ohms per 

Feet per 

Ohms per 

wm 

Work* 

Work** 

1000 Feet 

Mile 

Ohm 

Pound 

8 

33 

■46 

.62849 

3.3x843 

1591.1 

.0126 

9 



. 79 a 4 a 

4.18400 

1262.0 

.0200 

10 

as 

3a 

.99948 

5 .a 77 a 6 

1000.5 

.0317 

IX 



z . 2602 

6.65357 

793 . S6 

.0505 

12 

17 

a 3 

1 . 5890 

8.39001 

629.32 

.0804 

13 



2 . 003 7 

10.5798 

499.06 

.128 

14 

12 

16 

2.5266 

13.3405 

395. 79 

.203 

IS 



3.1860 

16.8223 

313.87 

•323 

x6 

6 

8 

4.0176 

21 .2130 

248.90 

.514 

17 



5.0660 

26.748s 

197.39 

.817 

18 

3 

S 

6.3880 

33.7285 

156.54 

1.299 

19 



8.055s 

42.5329 

124.14 

9.06s 

20 



10.1584 

53.6362 

98.44 

3.284 

21 



1 I . 8088 

67.6302 

78.07 

5.222 

22 



16.1504 

85.2743 

61.92 

8.302 


’'‘Concealed Work is wiring composed of insu- 
lated conductors inclosed in a tube or molding, 
and not exposed to the air. 


♦♦Open Work is wiring composed of weather- 
proof insulated conductors exposed to the air. 

Resistance of Copper increased 0.21 per cent, 
for each degree Fahrenheit increase of temperature. 








Table of Dimensioits and Resistances of Galvanized 
Iron Wire 


550 

Diameter 

Mik 

Weight in 
Pounds 

Breaking 
Strength in 
Pounds 

Resistance per Mile 
IN Ohms 

Per 
1000 ft. 

Per 

Mile 

Iron 

Steel 


B.B.+t 

Steel 

6 

203 

109 

573 

1.719 

3-237 

8.21 

9.6 

11-35 

7 

180 

8s 

450 

I -350 

2-545 

10.44 

12.2 

14-43 

8 

xfi.*! 

72 

378 

1.131 

2. ij8 

12.42 

14-53 

17 . 18 

9 

148 

S8 

32s 

-91S 

1.720 

15-44 

x8.o6 

21 .35 

10 

134 

47 

250 

.750 

1 .410 

18.83 

22.04 

26.04 

*11 

1 20 

38 

200 

.600 

1.131 

23.48 

27.48 

32.47 

12 

X09 

31 

i6s 

• 495 

• 933 

28.46 

33-30 

39-36 

13 

9 S 

34 

I2S 

•3 75 

.709 

37.4^ 

43.8s 

51 .82 

14 

83 

18 

96 

.288 

-541 

49.08 

57-44 

67.88 


* B. W. G. is the abbreviation for Birmingham 
wire gage — an English wire gage differing but 
slightly from the B. & S. gage. 


•I-E. B. B. is the abbreviation for the “Extra 
Best Best” grade of iron wire. 


•}--j-B. B. is the abbreviation for the “Best Best” 
grade of iron wire. 
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Ampere i6i 

Arrester, lightning 44, 45, 52-55, 108, 145, 146 

Automatic intercommunicating system 141-143 

Automatic shunt 39, 40 


B 

Battery 

Bells, magneto 

Blake transmitter 

Board, main distributing 

Booths, telephone 

Bracing poles 

Branch exchange, private 

Bridging connection 

Bridging party-line systems 


c 

Cabinet desk set 

Cabinet wall set 

Cable hangers 

Cables, telephone 

Carrying capacities of wire 

Circular mil 

Companies, telephone 

Concealed wiring . 

Coulomb 

Continuity tests 

Cross-arms 

Crosses, tests for.* 
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30 - 34 , 45 , 46 , 56 , 61 , 80 
12-14 

145-147 

71-73 

95 » 96 

T44 

5^59, 63-66 

i3«>-I36 


72 

69 

Ill, 114 

109 - 111 , 146 , 147 

164 

163 

vii 

164 

162 

120 

- 96, 97 

120-122 



D 

PAGE 

Dead-ending a line wire 104, 105 

Desk set 62, 63, 71 

Distributing board, main 145-147 

Distribution of cable wires 115-117 

Dimensions of wire 163, 165 

Double-pole receiver $-8 

Drop wires. . . 107, 108 

Drops, clearing-out 150, 155-157 

Drops, line 148, 149, 151, 155, 156 

Dry cell 23, 24 

E 

Edison cell 27, 28 

Edison transmitter ii, 12 

Pending a line wire, dead- 104, 105 

Engineering, telephone vii 

Exchange intercommunicating system 140, 14 1 

FCxchangc, private branch 144 

Exchange service 159, 160 

Exchange, small central 144-159 

Exchange switchboard 1 47-1 59 

Extension bells 56, 61 

F 

Farad 162 

Fuller cell 24, 25 

Fuse 54, I 4 S» 146 

G 

Generators, magneto 30-32, 35 - 37 , 80, 81 

Gladstone cell 27, 28 

Gravity cell ' 25-27 

Grounded telephone circuit 28-30 

Grounds, tests for 1 22-124 

Guying poles 9 i ~95 

H 

Head receiver 8, 9 
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Heat coil 54, 145 

Hook switch 40, 41 , 59, 81 

Hotel or residence set 70 

Humming of the wires 109 


I 


Induction coil 17-20 

Industry, telephone viii 

Inspector’s kit 83, 84 

Insulators 98 

Insulators, porcelain 48 

Intercommunicating systems 136-143 


Jacks 

Joints in line wires. 
Jumiier wires 


J 

>48. 151. 153-155 

io3> 104. 146, 147. 157. 158 

145 


K 

Keys 

Kit, inspector’s 


150-153 

..83, 84 


L 


Leclanchd cell 21-23 

Lightning arrester 44, 45, 52-55, 108, 145, 146 

Line circuit in exchange switchlxiard 148, 149 

Listening key 


M 

Magnet telephone, principle of . . . 

Magneto bells 

Magneto generators 

Megohm 

Microfarad 

Mil , 


1-3 

30-34, 45, 46, 56, 61, 80 
....30-32, 35-37, 80, 81 

162 

162 

163 


N 

Numbering of distributing-board terminals. 
Numbering of Insulator pins 


145 

i 45 f 146 
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PAC.E 

Ohm i6i 

Ohm*s law 162 

Open wiring 164 

Operation of bridging stations 66-^8 

Operation of exchange switchboard 151, 152 

Operation of series stations 55, 56 

Operators* circuit in exchange swit(:iiix)ard 149, 150 


Pairs in a cable, testing out the 124, 125 

Party-line systems 127--136 

Pins, cross-arm 97, 98, 145, 146 

Plugs 149, 152, 153-155 

Poles, telephohc 86-89 

Positions in telephoning, proper and improper 77 

Private branch exchange 144 

Protection 44, 108 

Protective apparatus, wiring of 52-55, 145 


R 

Receivers i, 3-5, 3, 9, 74, 75 

Resistance of wire 164, 165 

Ringers 3o-34, 45» 4^, 5^, 61, 80, 120, 139, 140 

Ringing keys 149, 150, 152, 153 

Route of pole line 85 


s 

Selective system, four-party line... 

Selective system, two-party-line 

Series connection 

Series party-line systems 

Service, exchange 

Setting |x)les 

Shunt, automatic 

Signaling appaiatus, connections of. 

Single-pole receiver 

Solid-back transmitter 

Splicing cables 


-.-133-136 

131-133 

3^^» 39» 41 

1 27-130 

i59» 160 

89-91 

39» 40 

37, 129, 130, i39» i P 
3-5 


I I 7-1 19 
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PACK 

Steps, pole. - 117 

Stringing the cable 111-113 

Stringing the line wires 100-104 

Swinging-arm desk set 71 

Swinging wires, tests for 122-124 

Switch, hook 40, 41, 59, 81 

Switchboard, exchange 147-159 

Switchlxiard wiring, exchange ^57-159 


T 

Talking apparatus, connections of 37 

Telephone companies vii 

Telephone engineiTing vii 

Telephone industry viii 

Telephone sets 42, 60, 68-71 

Terminal head 115-117, 145 

Tests for line wire and ci’bles. 120-126, 146 

Testing sets 122-124, 125, 126 

Transmitters 10-14, 75~77, 120 

Transposing line wires 105-107 

Trouble, to locale 82, 83 

Tubes, porcelain 49-5 1 


Volt 

Voltmeter, pocket. 


V 


161 . 
.80 


w 

Wall set 42 

Watch-case receiver .9 

Walt 161 

Wheatstone-bridge testing set 122-124 

Wire, telephone 99, 100, 163-165 

Wiring a bridging station 59”6i 

Wiring a series station 4i“44 

Wiring between telephone set and line wires, interior 47"52 

Wiring for a desk set 62, 63 

Wiring inside of telephone set 42-44 

Wiring of exchange switchboard ? t 57-^59 

Wiring of protfetive apparatus 52-S5» i4S 
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